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1. INTRODUCTION 

Providing good road network is very essential for the development of any country. In India, there are 
about more than 6 lakh villages located in different terrain conditions, e.g., plains, hilly and mountainous 
region, deserts, swamps, coastal region, backwater area, tribal pockets, etc. The climatic conditions also vary 
from place-to-place to a great extent. Social, economical and educational development of these villages greatly 
depend on accessibility. A large number of villages in the rural India are still not connected with the 
all-weather roads. The employment opportunities and basic necessities, like, health, education cannot reach 
rural masses without a system of good road network. It has now been realised that for the development of rural 
areas, development of proper and communication system must be a priority. 

The rural roads are the basic infrastructure required for the development of rural areas. Rural roads 
have been planned and constructed under various Rural Development Programmes of the Government of India. 
Serious efforts through these programmes also could not make all-weather connectivity to more than 50 per 
cent of the 6 lakh villages. On the other hand, many roads which have been built could not be sustained. Careful 
examination of these has revealed that most efforts have not been effective due to the fact that in those 
Programmes, the roads were not understood to be engineering structures. These non-engineered stuctures, 
without back-up systems and facilities to sustain them with engineering inputs for repair and maintenance, 
have disappeared in no time. Many of the technical aspects of road making were never given due importance in 
rural roads; e.g., edequate compaction of subgrade, drainage, required cross drainage, and host of others. There 
must not be any inhibition about the technical details that are required to be understood for rural roads; these 
are required to be adopted necessarily. But, none of those are impossible to adopt for local agencies and 
authorities by any means. Moreover, there are plenty of appropriate technologies for rural road constuction 
and maintenance using locally available materials as well as local agricultural implements. 

Continued emphasis was laid in all the nine Five- Year Plans on village connectivity with an aim of 
achieving 1 00 per cent road connectivity to all villages by the turn of the century. Over these Plans, substantial 
development has taken place in the expansion of rural road network. However, there has been admittedly 
neglect in proper maintenance of rural roads after their construction inb the absense of uniform guidelines. The 
geometric standards, construction practices and maintenance policies differ from State-to-State. The rural 
roads continue to suffer from the lack of unifrom standards also because of the fact that a number of agencies 
in the States have undertaken rural road construction under various schemes. Therefore, IRC felt it necessary 
to have uniform guidelines on rural roads to achieve planned and effective development of rural roads. 

The Government of India had launched a major rural roads programme, known as Pradhan Mantri 
Gram Sadak Yojana (PMGSY), for the first time focussing directly on the rural connectivity keeping rural 
roads of uniform standard as the only deliverable. It aims to provide the connectivity by good all-weather roads 
to all habitations above 1 000 by the year 2003 and for 500 and above by 2007. The all-weather road has been 
defined in IRC as a road, which is negotiable during all weathers, except at major river crossings. This implies 
that the roadbed is drained effectively by adequate cross drainage structures, such as, culverts, minor bridges 
and causeways. Interruption ot traffic as per permitted frequency and duration are, however, allowed. The 
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pavement should be negotiable during all weathers, but this does not necessarily imply that it should be paved 
or surfaced or black-topped. An earthen road with gravely soil or an earthen road with a gravel or WBM layer 
on top permits all-weather use, depending upon rainfall and soil type. There are many technicalities involved in 
the proper implementation of the rural connectivity programme. While planning of the network itself to be 
based on master planning for each district, design and construction have similar technicalities to provide 
sustainable roads. For example, the design of the road should be based on soil parameters, rainfall intensity and 
the projected traffic on the proposed road. Also, variation in design and specification will often be required in 
consideration of the available materials and terrain, and such other reasons. Thus, the Ministry of Rural 
Development, Govt, of India constituted three Committees to formulate the guidelines for implementation of 
PMGSY in respect of rural road network planning, design and specifications for road as well as culverts and 
small bridges. 

The Rural Roads Committee was initially constituted in 1997 by IRC. with the terms of reference as: 
Network planning, Traffic studies and projections, Modal choice needs, Pavement design, Maintenance and 
other connected works. The Rural Roads Committee composition was as under: 



M.V. Patil 
H.N. Saxena 
P S. Mandpe 

R.R. Sheoran 
N.S. Jain 
C.V. Kand 
A.K. Mishra 
P R. Dagali 
Dr. N.B. Lai 
D P Gupta 
P.R. Nair 



President, IRC 
(H P. Jamdar) 



Members 



Ex-Ofjicio Members 



Convenor 

Co-Convenor 

Member-Secretary 

A.V.S.R. Murthy 
M.M. Sangal 

Chief Engineer, Punjab PWD 

Chief Engineer, H&RW, Chennai 

Engineer-in-Chief, U.P. PWD, Lucknow 

Chief Engineer, PWD Karnataka 

E-in-C-cum-Special Secretary, PWD Bihar 

Rep. of National Council of Applied Economic Research 

Rep. of All India Council of Technical Education 



D.G. (RD) 
(A.D. Narain) 



Secretary, IRC 
(S.C. Sharma) 



Corresponding M em hers 



M.K. Agarwal 

Dr. Praveen Kumar 



Prof. Umesh Sharma 
S.K. Verma 



The Rural Roads Committee deliberated on various aspects of the rural roads and opined to evolve 
guidelines on rural roads, which would provide uniform geometric standards, pavement standards and other 
construction practices to achieve planned development of rural roads under various schemes implemented by 
the different agencies in the country. The Committee decided to prepare the Rural Roads Manual containing 
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both guidelines as well as the code of practice with type design, tables, type drawings, etc., so that the manual 
in itself is complete document for the use of engineers and authorities engaged in rural roads planning, 
construction and maintenance. 

The Committee co-opted the following additional members for preparing the manual: 

D.G. Marathe 
J.N. Dabe 
J.T. Nashikkar 

This Rural Roads Committee was reconstituted by IRC with effect from the 1 st January, 2000, 
composition as under: 



M.V. Patil 
Dr. C.K. Singh 
J.T. Nashikkar 



Convenor 

Co-Convenor 

Member-Secretary 



Members 



Suresh Chander 
Tomi Ete 

Dr. Verghese George 

P.R. Nair 

M.K. Seth 

J.J. Siyani 

A.V. Sinha 

D.P. Gupta 



President, IRC 
(A.B. Pawar) 



Ex-Officio Members 



Secretary, IRC 
(G. Sharan) 



C.V. Kand 
Ramhluna Khiangte 
S.K. Mitna 
Sanjay Nirmal 
Dr. P.K. Sikdar 

Mrs. Jyotshna R. Bapat, NCAER 

Chief Engineer, Rural Engg. Services, U.P. 

Director, HRS, Chennai 

Rep. of All India Council of Technical Education 



D.G. (RD) 
(Prafulla Kumar) 



Corresponding Members 



M.K. Agarwal 
Dr. Praveen Kumar 



Prof. Umesh Sharma 
S.K. Verma 



The reconstituted Committee after detailed deliberations analysed the draft for placing before the 
meeting of Highways Specifications and Standards (HSS) Committee in its meeting held on the 5 th May, 2001 . 
The Committee felt that the draft Manual needed refinement. The comments of the HSS Committee were 
considered and revised draft Manual was put up to the IRC Executive Committee and the Council. The Executive 
Committee in its meeting held on the 5th May, 2001 approved the draft for being placed before the Council. 
The IRC Council in its 162nd Meeting held at Shimla on the 13 th May, 2001 suggested to incorporate Chapter 
on network planning and further editing of the draft. It was suggested that the document under preparation by 
PMGSY Committee may also be considered. 
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The Ministry of Rural Development, Govt, of India constituted three Committees in January, 2001 
and the composition of these Committees are as under: 

A. Rural Roads Planning Committee 

Dr. S.S. Sarma, Jt. Secy, MORD ... Chairman 

Prof. P.K. Sikdar, Director, CRRI 

Dr. B.N. Puri, Adviser (Transport), Planning Commission 

M.R. Srinivasamurthy, Bangalore 

Prasanna Dash, Bhopal 

S.S. Rathore, Spl. Secretary, Gandhmagar 

Dr. Ashok Kumar, World Bank, New Delhi 

Di;. V. Raghavaswamy, NRSA 

R.L. Phadkc, CDAC 

B. Kanagadurai, CRRI 

S.N. Chakravarty, CE, Meghalaya 
G. Sharan, Secretary, IRC 

Sunil Kumar, Dy. Secy, MORD ... Member-Secretary 

The following experts were special invitees for the meetings: 

Dr. N.B. Lai, Consultant 

Dr. L.R. Kadiyali, Consultant 

Dr. Mahesh Chand, NATPAC, Thiruvananthapuram 

Dr. A.K. Singh, REC, Allahabad 

Dr. Praveen Kumar, Roorkee University (Now NT, Roorkee) 

B. Design and Specification Committee 

Prof. P.K. Sikdar, Director, CRRI ... Chairman 

R.K. Sharma, E-m-C, Himachal Pradesh PWD 

(Later taken over by A.C. Mahajan) 

Dr. N.B. Lai, L.R. Kadiyali & Assoc., New Delhi 

D P. Gupta, Ex-DG (RD), New Delhi 

Prof. B.B. Pandey, Professor, I IT, Kharagpur 

P. Balakrishnan, Chief Engineer (General), H&RW Tamilnadu 

(Later taken over by Shn S. Sndharan) 

M.V. Patil, Secretary (Roads), PWD Maharashtra 

K.L. Das, Commissioner, PWD Assam 

S.S. Rathore, Spl. Secy. & CE, R&B Gujarat 

Dr. Sunil Bose, Head, FP Division, CRRI ... Member-Secretary 

The following two additional members were co-opted as members from academic institutions: 

Dr. C.E.G. Justo, Honorary Professor, Bangalore University 
Dr. H.C Mehndiratta, Professor, IIT, Roorkee 

C. Culverts and Small Bridges Committee 

Dr. L.R. Kadiyali, Consultant, New Delhi ... Chairman 

C. V. Kand, Bhopal 
M.M. Sangal, NOIDA 

A. Venkata Rao, Hyderabad 
Ramani Sarmah, Shillong 
Dr. B.P. Bagish, New Delhi 

M.V.B. Rao, Head, Bridges Division, CRRI ... Member-Secretary 
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All these three Committees for PMGSY produced three manuals which were submitted to the Ministry 
of Rural Development between April and June 2001 . Thereafter, a meeting was held amongst the IRC President, 
Shn A.B. Pawar, IRC Secretary, Shri G. Sharan and Joint Secretary, Ministry of Rural Development, 
Dr. J.S. Sarma, along with key members of PMGSY Committees, viz., Prof. P.K. Sikdar, Director, CRRI and 
Shn M.V. Patil, Convenor, Rural Roads Committee & Past President, IRC on the 7 th September, 2001 . It was 
then decided that the manual prepared by IRC and the three manuals prepared by PMGSY Committees be 
merged to bring out a complete and comprehensive document to be called "Rural Roads Manual" and same 
will be an IRC Special Publication. Accordingly, a Joint-Committee meeting was held on 1 3 and 1 4 October, 
2001 at CRRI, New Delhi with members from the IRC Rural Roads Committee and members from the three 
Committees of PMGSY to combine all the information of the two sets of manuals and a combined manual was 
prepared. The combined manual was considered by HSS Committee on 17 th November, 2001 and the Executive 
Committee in its meeting held on 29th November, 2001 . The manual was further considered and approved by 
IRC Council in their 163 rd meeting held at New Delhi on the 30 th November, 2001 . This manual shall supersede 
the existing IRC:SP:20-1979 Manual on Route Location, Design, Construction and Maintenance of Rural 
Roads (Other District Roads and Village Roads) and it will be called "Rural Roads Manual". 
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2. SCOPE 

2.1 . The Manual covers the various aspects of rural roads in twelve chapters. These are namely - 
( 1 ) Planning and Alignment, (2) Geometric Design Standards, (3) Climate and Environment, (4) Road Materials, 
(5) Pavement Design, (6) Road Drainage, (7) Culverts and Small Bridges, (8) Construction and Specifications, 
(9) Use of Waste Materials, (10) Quality Control in Construction, (11) Maintenance and (12) Finance. 

2.2. The guidelines provided in the manual have largely been drawn from the relevant Indian Roads 
Congress Codes, IS Codes, Ministry of Road Transport & Highways Specifications for Road & Bridge Works 
and other similar publications available on the subject. All such references are listed appropriately through out 
and also user is directed to those wherever appropriate. To make the guidelines useful for wider application in 
rural roads planning and construction, the standard practices prevailing in various States, which have been 
proved to be effective based on experience have also been included in the manual appropriately. 

2.3 . Rural roads are tertiary system of roads in the total network which include ODR and VR only. 
In these guidelines, uniform standards are recommended for uniform adoption across the States. This is an 
excellent opportunity for the States to adopt an uniform standard of design and specification for rural roads. 
However, in this process, constraints on availability of suitable materials, and therefore, on costs will be the 
guiding factor to allow the needed variation without compromising in standards and quality of roads to be built. 
Moreover, considering the vast variance in terrain, climatic and topographic conditions in different rural areas 
of the country, a uniform system cannot obviously apply to all areas. As such, the guidelines in the manual 
have to be applied taking into consideration the experience of performance of the specifications and locally 
available materials. Therefore, in the manual, special emphasis has been provided for use of the locally available 
materials as well as waste and marginal materials for construction of rural roads. The approach adopted in the 
manual has been to provide all-weather road connectivity to villages with durable roads but with minimum 
cost. The guidelines contained in the manual will apply to all phases of rural road development, such as, 
surveying, planning, design, construction and maintenance of rural roads. Where the guidelines are silent, the 
relevant IRC Codes, MoRT&H Specifications or IS Codes would apply. 

2.4. The culverts and bridges have been proposed to be as wide as the formation as it would be 
desirable for safety of operation. However, in some cases 6.0 m wide CD structure or even single-lane CD 
structure is recommended as special cases for the sake of economy. This relaxation is suggested mainly 
considering huge magnitude of the work to be done at present as well as the likely future traffic on these roads 
and the financial constraints. 

2.5. The experience and feedback from the engineers on adoption of these guidelines will enable 
up-gradation of the guidelines at certain interval. It would be desirable to conduct workshop and training 
courses to explain various aspects of rural roads to the concerned field engineers in each of the States. 
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CHAPTER 1 
PLANNING AND ALIGNMENT 

1.1. Planning of Rural Road 

Considerable length of rural roads has been constructed under a host of rural development programmes, 
especially Community Development Programmes for Rural Roads, Food for Work Programme, Minimum 
Needs Programme (MNP), etc. An impetus was further given by allocating more funds under schemes, such as, 
National Rural Employment Programme (NREP), Rural Landless Employment Generation Programme (RLEGP) 
and Jawahar Rozgar Yojana (JRY). Inspite of all these efforts, rural connectivity still remains quite poor, with 
several States having below 50 per cent rural connectivity. The network developed by the criteria of qualifying 
populations does not take necessarily into account the travel requirements of unconnected habitations, which 
results in sub-optimal road network. Thus, the roads in an area should be considered together with the accessibility 
requirements of the habitations, and every unconnected habitation should be provided with connectivity through 
at least one road link, which meets its socio-economic requirements. 

A habitation can be defined as a cluster of population, living in an area, the location of which does not 
change over time. A habitation is considered connected only if it has an access through all-weather road. All- 
weather road is an engineering structure built using proper specification and design and with various cross 
drainage works as per the requirements except major river crossings. Interruptions to the traffic as per permitted 
frequency and duration are, however, allowed. The interruption is allowed six times a year with maximum one 
day at a time; or maximum of 72 hours in case another alternative access is available. A road, though usable for 
most of the time, but traffic gets disrupted during rainy season due to lack of all cross drainage works, is called 
a fair-weather road. 

Various departments, under different programmes without a common network development objective 
take up the construction of rural roads, and therefore, it results into a sub-optimal network. Consolidated 
programme of developing an optimal network of roads based on a master plan will provide rationality of choice 
and can save any wastage of resources. The network plan or master plan needs to be prepared at a level which 
is convenient from the point of map preparation and data collection. Thus, the Master Plan data for rural road 
network should be collected/prepared at Block level and then integrated for a District level Master Plan. 

1.2. Planning Database 

1.2.1. Database development : In order to prepare a scientific Master Plan for rural roads, it is 
necessary to build a comprehensive database for all habitations and the existing network of all types of roads 
and tracks, preferably in the computer environment. The first step in preparation of Master Plan would be to 
collect all the information available at district, block and habitation level from secondary sources. The next 
step is to collect the detailed information on each habitation and road link through field surveys. Various data 
items required for developing the rural road plan can be broadly identified under three categories: ( 1 ) Habitation 
level data, (2) Road inventory data, and (3) Map data. 

1.2.2. Habitation level data : A village/settlement/habitation located within a distance of 500 metres 
from an all-weather road or a connected settlement/habitation may be considered to be already connected. All 
habitations/settlements having population more than 100 and which are located more than 500 metres (half-a- 
kilometre) away from each other or from an all-weather road should be separately identified. The habitation 
level data will include details on demographic (population) and infrastructure facility data (socio-economic 
functions or facilities available in habitation/settlement), which should be collected for each habitation. This 
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may be obtained from the secondary sources, such as, census records, revenue records, etc. and collected 
at Block level. The database details about each habitation should be filled in a tabular form as given in 
Appendix-1.1 (FORMAT-I). The INSTRUCTION-I provides the explanation and guidelines for filling the 
format, which is given in Appendix- 1.2. 

1.2.3. Road inventory data : A comprehensive inventory of all rural roads including Other District 
Roads (ODR) and Village Roads (VR), and any other road constructed/improved under various rural development 
programmes, such as, RLEGP, NREP, MNP, JRY, sugarcane roads, mandi road, etc. have to be prepared at 
Block level. For each road, the information on road geometric, road pavement condition, terrain, soil type and 
habitations connected by the road are to be collected. All the available alignments of cart tracks, footpaths, 
kutcha road, jeepable roads, etc., which have 5 metres or more land width, should be included for preparing 
road inventory. The FORMAT-II in Appendix-1.3 gives the tabular form to be filled for the road inventory 
details and the INSTRUCTION-II mAppendix-1.4 gives the procedure for filling the FORMAT-II. In addition 
to this, the National Highway (NH), State Highway (SH) and Major District Road (MDR), which form the 
primary and secondary road network in a region (say Block), will also be required to be inventoried for proposing 
connectivity of habitations. The inventory of these roads shall be prepared by filling the FORMAT-III given in 
Appendix-L5. 

1.2.4. Map data : The base map at Block level should be prepared at 1:50,000 scale by taking 
Survey of India topo-sheets as the base. Generally, maps used for planning are in much more detailed scale, 
however, due to non-availability of such maps, 1:50,000 scale will suffice. If available, the aerial photos and 
satellite imageries, etc. can also be used to further improve the accuracy of the map. The data that are collected 
as per the three formats at Block level are to be transformed into maps by drawing Block maps and incorporating 
all the information, such as, habitations and road locations. The map should show the Village, Block, District 
and any other higher order boundaries, it should show all types of roads (National Highways, State Highways, 
Major District Roads, Other District Roads, Village Roads and all other roads and cart tracks built under 
various programmes of the State and Centre) as per the inventories. The colour codes and legends for preparation 
of the map are given in Appendix-1.6. 

1.2.5. Digital maps : Digital maps with proper registration, etc. should be prepared when the master 
planning is to be done in a computerised environment. For computerisation of the data (map, road inventory 
and habitation data), a Geographic Information System (GIS) platform may be used. However, the data and 
analysis at Block level can be very easily managed manually also. 

1.3. Concept of Network Planning 

1 .3.1 . Network philosophy : Rural roads are part of the total road network system. A road network 
basically consists of links (roads of various categories, such as, National Highways, State Highways, Major 
District Roads, and Rural Roads). Roads, therefore, become links of a network, which facilitate the essential 
movements of persons and goods in an area (say Block or District), and no individual road link can serve the 
same purpose when developed in isolation. A road network, therefore, needs to be developed in such a way 
that the travel needs of the people or u.j community in an area are met to the maximum in a collective way at 
the lowest cost of development. In the rural areas, major part of their travel needs is comprised of travel to 
market place, education centre and health centre (almost 95 per cent of total travel needs). Thus, creation of an 
optimal road network is to be aimed to serve the habitations for access to such needs through a Master Plan. 
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While attempting to optimise the road network, each unconnected habitation has to be connected to the existing 
all-weather road network or already connected habitations in an efficient way (in terms of cost and its utility). 

There are a large number of methods to develop optimal network for rural roads. However, in practice, 
very little or no use of those have been possible so far, primarily due to non-availability of required data and the 
Master Plan. The concept and methodology described in this section is based on the objective of integrated 
development and accessibility for rural habitations. While the method is simple, it can be operationalised with 
minimum data. 

1.3.2. Utility value : Traditionally habitations have been provided priority for an all-weather road 
connection solely based on its population size. The Second and Third 20-Year Road Development Plans of 
Indian Roads Congress also recommended distinct population criteria for village connectivity. However, the 
integrated development approach aims to provide the habitations with access to various service facilities, and 
it requires a different criterion based on a composite measure or index or utility value. The utility value for the 
habitation should consider a set of demographic, socio-economic, infrastructure, and level of development 
data. This composite measure of development may be called as Utility Value (UV) of the habitation. Selection 
of the variables for computing the utility value may be made from the habitation level data. The chosen set of 
variables may be different in different parts of the country based on local development aspirations. Each 
variable can be given a weightage based on its present level and importance in the integrated development 
philosophy. An example of the choices for weights is presented in Table 1.1. 



Table 1.1. Relative Weights for Variables 



SI. 


Variables of the 


Weightage of Variable 


per cent of 


No. 


Habitation 












Maximum 


Weitghtage 






0 


2 


4 


6 


8 


Weightage 


for the Group 


1. 


Population 


Below 
250 


251-500 


501-1000 


1001-2000 


Above 
2000 


8 




2. 


SC/ST population 


Below 25 


26-50 


51-200 


201-300 


Above 300 


8 


16 


3. 


Primary school 


Nil 


One 


More than 
one 






4 




4. 


Middle school 


Nil 




One 


More than 
one 




6 


34 


5. 


High school 


Nil 






One 


More than 
one 


8 




6. 


Intermediate/College 


No 








Yes 


8 




7. 


Vocational school 


No 








Yes 


8 




8. 


Dispensary 


No 




Yes 






4 




9. 


Maternity and child 
welfare centres 


No 






Yes 




6 


18 


10. 


Primary health centres/ 
Veterinary 


No 








Yes 


8 




11. 


Police station 


No 






Yes 




6 




12. 


Post office 


No 




Yes 






4 




13. 


Electrified 


No 






Yes 




6 


22 


14. 


Panchayat Headquarter 


No 






Yes 




6 




15. 


No. of days markets 
held 


Nil 


One day 




Two or 
more days 




6 


6 


16. 


Hilly/coastal area 


No 




Yes 






4 


-i 1 


Maximum Score 


1 00 


100 
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Utility value is required to be calculated for all habitations, large and small, with population size 100 and 
above using the data collected in FORMAT-I. The computed utility value may be used for the prioritisation of 
habitations. For ease of computation, the facilities (functions) given in Table 1.1 may be grouped appropriately; 
and one such possibility is shown here: 

(i) Primary and middle school 

(ii) High school, intermediate and vocational school 

(iii) Medical and veterinary facilities 

(iv) General infrastructure, such as, post and telecommunication, police station, bus service, electrification, local administration, 

etc. 

(v) Commercial establishments including industrial units (e.g., handlooms, handicrafts, sugar mills, etc.) 

The grouped facilities will have to be assigned weights for different levels of development. 

1.3.3. Development of links : The available options of connectivity for habitations shall be guided 
by certain assumptions as given below in order to develop a road network, which adequately meets the 
accessibility requirements of the unconnected habitations: 

(i) The population of unconnected habitations shall have to travel to nearby habitations to fulfil their locally unsatisfied needs 
(utility services). 

(ii) The unconnected habitations may be presently connected through fair-weather road links which may have to be upgraded 
for all-weather connectivity, or by a new link from the unconnected habitation to an all-weather link or a connected 
habitation. 

(iii) The choice of linkage shall be based on network philosophy and at a minimum cost. 

The above assumptions are the basis for the development of rural road network in a Block or a District in 
a structured manner as described in Fig. 1.1. Guidelines given in IRC:SP:48 'Hill Road Manual' can also be 

referred for hill areas. 

By arranging all the unconnected habitations in descending order of the Utility Value, and fixing a cut- 
off value, prioritised order of habitations may be identified. The population of unconnected habitation will 
generally go to a habitation having the required utility services (facilities) within a reasonable influence area 
through a shortest route. From the several possibilities based on available fair-weather roads/tracks, etc. or 
new alignments of shortest length to nearest all-weather road or an already connected habitation, suitable 
options are to be identified for selection of the best link option. 

The best link option shall be the one with highest benefit that it offers in terms of potential utility of that 
connectivity. The benefit offered by a link is going to be directly proportional to the population sizes of all the 
habitations it serves or indirectly in proportion to the Utility Values (UV) of the habitations. If a road link 
serves more than one unconnected habitation, a weighted average of Utility Values may be adopted based on 
the portion of length of the proposed link that will be used by each of these habitations. The cost of a link will 
depend on the link length and the type of improvement (when it is an existing fair-weather road or a track) 
needed to make it an all-weather link or the cost of the new link. The choice of the link shall be based on the 
corresponding access benefit-cost ratios for the options evaluated. 

1.4. Rural Roads Plan 

The district rural roads plan is a combined Master Plan of all the Blocks for which the optimal network 
links for the unconnected habitations are shown in the descending order of priorities. Block-wise prioritised list 
of roads for next 5 to 10 years shall be prepared, and all the Blocks in a District are to be considered together for 
District level Master Plan to be prepared (considering appropriately the development priorities for the roads 
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running across the Blocks). However, in the District Master Plan all the Blocks will be available separately also 
with all information at Block level, so that the implementation of road programme is possible at Block level. 
Thus, based on the budget available the number of links can be selected from the list of prioritised links for 
taking up in a given year or any suitable plan period. The chosen links for development in a given year shall be 
further studied for detailed project planning and preparation of estimate. 



ALL HABITATIONS IN THE BLOCK 



I 



Unconnected Habitations 



1 



Connected Habitations 



Prioritised Habitations 



Utility Value 



Possible alternative links 
for making all-weather 
connectivity for each 
unconnected habitations 



All categories of all- 
weather road network 
and connected 
habitations 



Available fair-weather 
and other road links 



Selection of the best link out of the 
alternatives for each unconnected and 
prioritised habitation 



Next Prioritised 



Habitation 



Optimal network based on efficiency, 
cost and access required by 
unconnected habitation,; 



Fig. 1.1. Approach for Network Connectivity of Habitations 
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1.5. Road Alignment and Surveys 

The alignment of rural road should be decided only after conducting proper surveys and investigations. 
In general, most new roads will also have to follow the existing cart tracks and other such existing alignments. 
However, during route location the following points should be considered: 

(i) Adoption of appropriate geometric design standards and safety requirements 

(ii) Keeping to the high ground so as to avoid low lying areas and minimising the drainage requirements 

(iii) Following the land contours as far as practicable to reduce the extent of cut and fill 

(iv) Conforming to any property boundaries to the extent possible 

(v) Avoiding or minimising the effect on vegetation 

(vi) As far as possible, alignment should not interfere at any stage with services, like, power transmission lines, water supply 
mains, etc. 

Following special considerations are to be given due importance for the alignment in mountainous terrain: 

(i) When crossing mountain ranges, the road should preferably cross the ridges at their lowest elevation. In certain cases, it 
may be more expedient to negotiate high mountain ranges through tunnels. This decision should be taken after considering 
the relative economics or the strategic requirements. 

(ii) While fixing the alignment the introduction of hair-pin bends should be avoided as far as possible. In unavoidable cases, 
the bends should be located on staLie and flat hill slopes in due consideration of geometric design. Also, a series of hair- 
pin bends on the same face of the hill should be avoided. 

(iii) As far as possible, attempt should be made to avoid unstable hill features, areas having perennial/potential landslide or 
settlement problems, areas subject to seepage/flow from springs, hydel channels, etc. For details. Hill Road Manual 
(IRC:SP:48) should be referred. 

While deciding the alignment of a road, rural road development in reference to the objectives of Road 
Development Plan 'Vision 202 1 ' of MoRT&H need to be borne in mmd before undertaking further investigation 
and subsequent fmalisation of the alignment. 

The location or the layout of the centre line of the road on the ground is called the alignment. The 
horizontal alignment includes the straight path, the horizontal deviations and curves. Changes in gradient and 
vertical curves are covered under vertical alignment of road. A new road should be aligned very carefully, as 
improper alignment would mean either capital loss initially in construction as well as recurring loss in cost of 
maintenance and vehicle operation. Once the road is aligned and constructed, it is not easy to change the 
alignment due to increase in cost of adjoining land and construction of costly structures by the roadside. The 
ideal alignment between two points should satisfy requirements as given under : 

(i) Short: It is desirable to have a short (or shortest) alignment between two terminal stations. A straight alignment would 
be the shortest, though there ma be several practical considerations, which would require deviations from the shortest 
path. 

(ii) Easy: The alignment should be such that it is easy to construct and maintain the road with minimum subsequent problems. 
Also, the alignment should be easy for the operation of vehicles with easy gradients and curves. 

(iii) Safe: The alignment should be safe enough for construction and maintenance from the viewpoint of stability of natural hill 
slopes, embankment and cut slopes and foundation of embankment. Also, it should be safe for the traffic operation in 
terms of safe geometric features. 

(iv) Economical: The road alignment would be considered economical only if the total cost including initial cost, maintenance 
cost and operational cost, is the lowest. 

(v) Sound: The alignment should be on the firm ground and should not be susceptible to large settlement, deformation, 
landslide, etc. 

(vi) Aesthetics: While selecting the alignment, the aesthetics of the area should be borne in mind. 

(vii) Environment: The alignment should be decided giving due weightage to environment protection, particularly in hilly 
areas. Tree cutting should be avoided as far as possible by suitably locating the road alignment. Further details regarding 
environmental issues are provided in Chapter 3. 
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1.6. Governing Factors for Route Selection 
1.6.1. General considerations 

(i ) The alignment should be as direct as possible so that there is maximum economy in cost of construction, maintenance and 
transportation. 

(ii) The grades, curvatures and profiles should be so designed as to be economical, consistent with the service requirements. 

(iii) While improving the existing alignment, the endeavour should be to utilise the existing facility as much as possible in 
order to minimise the cost and effort of land acquisition and construction. 

(iv) The alignment should not interfere at any stage with services, like, power transmission lines, water supply mains, etc. 

(v) Embankment and pavement account for major proportion of the road cost; therefore, availability of material for embankment 
and pavement construction should be kept in view while finalising the alignment. Similarly, good subgrade conditions 
would mean lower pavement cost and thus the subgrade conditions also affect the choice of alignment. To the extent 
possible, areas susceptible to subsidence (due to mining, etc.), marshy and low lying areas prone to flooding, inundation 
and erosion should also be avoided. 

(vi) While connecting population centres, the alignment should preferably skirt round the population pockets rather than pass 
through congested areas. 

1.7. Factors Controlling Alignment 

The various factors, which control the road alignment, may be listed as: 

(a) Obligatory points 

(b) Traffic 

(c) Geometric design 

(d) Economics 

(e) Drainage 

(f) Other considerations 

1.7.1. Obligatory points : There are control points governing the alignment of the roads. These 
control points may be divided broadly into two categories : 

(a) Points through which the alignment is to pass 

(b) Points which the alignment should avoid. 

Obligatory points through which the road alignment has to pass may cause the alignment to often deviate 
from the shortest path. The various examples of this category may be a bridge site, intermediate town, a 
mountainous pass or a quarry. 

When it is necessary to cross hill mountains or high ridges, the various alternatives are to cut a tunnel or 
to go round the hills or to deviate until a suitable hill pass is available. The suitability of these alternatives 
depends on many other factors, like, the topography and site conditions. Fig. 1 .2 shows how the straight alignment 
AB is deviated along the hillside passes thus avoiding a tunnel or heavy cutting. 

The road bridge across a river should be located only at a place where the river is straight and has firm 
banks and where the bridge abutment and pier can be properly founded. The road approaches to this bridge 
should not be on curve near the bridge and as far as possible skew crossing should be avoided as shown in 
Fig. 1 .3. Thus, in order to locate a bridge across a river the road alignment may have to be changed. Similar is 
the case with the railway crossing. As far as possible, at unmanned level crossing the alignment shall be 
straight. Besides, it shall be ensured that there are no features on the ground, which would obstruct the visibility. 
The site for the level crossing may invariably be decided in consultation with the railway authorities. 



13 



IRC:SP:20-2002 



(B) 




Fig. 1.2. Alignment near Hillside Pass 




Fig. 1.3. Location of Bridge 

Obligatory points through which the road should not pass also make it necessary to deviate from the 
proposed shortest alignment. The obligatory points, which should be avoided while aligning a road, include 
religious places, very costly structures, unsuitable land, etc. Religious places include temples, mosques, churches, 
graves, tombs and archaeological places, reserve forests, etc. Acquiring costly structures would mean heavy 
compensation resulting in increased cost. Marshy, peat and waterlogged areas are generally unsuitable for 
road construction and should be avoided as far as possible. However, if there is no alternative and the alignment 
has to be taken across such an area, the construction and maintenance costs are likely to be very high due to 
special construction techniques to be adopted. 

A lake, a pond or a valley, which falls on the path of a straight alignment, will also necessitate the 
alignment to deviate from the straight path and go round along the lake as shown in the Fig. 1 .4. 
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Fig. 1.4. Alignment near Lake 



1.7.2. Traffic : In most of the cases, the people use certain routes traditionally. These may either be 
due to convenience, social connection with other areas, etc. The proposed alignment should keep in view this 
traffic flow pattern. At the same time one should also have a fair judgement of future trends in mind. 

1.7.3. Geometric designs : Geometric design factors, such as, gradient, radius of curve and sight 
distance would also govern the final alignment of the road. As far as possible, steep gradient should be avoided 
and limited to the ruling or design gradient. Thus, it may be necessary to change the alignment in view of the 
design, speed and maximum allowable super-elevation. It may be necessary to make adjustments m the horizontal 
alignment of roads keeping in view the minimum radius of curve. 

The absolute minimum sight distance, which should invariably be available in every section of the road, 
is the safe stopping distance for the fast moving vehicles. Also, there should be enough distance visible ahead 
for safe overtaking operations of vehicles. Hence, the alignment should be finalised in such a way that the 
obstructions to visibility do not cause restrictions to the sight distance requirements. 

1.7.4. Economy : The alignment finalised based on the above factors should also be economical. 
Avoiding high banking, deep cutting, major crossing and balancing of the cuts and fills can decrease initial cost 
of construction. At the same time, care should be taken to see that it is not likely to involve costly maintenance 
and operational expenses. 

1.7.5. Other considerations : Various other factors that may govern the alignment are drainage 
considerations, hydrological factors, social obligations, etc. The vertical alignment (particularly the gradient 
and change of grade) is often guided by drainage considerations. The sub-surface water level, seepage flow 
and high flood level are also the factors to be kept in view. 

1.8. Special Consideration for Hill Roads 

In hill roads, additional care has to be taken for ecological considerations, such as: 

(i) Stability against geological disturbances 

(ii) Land degradation and soil erosion 

(iii) Destruction and denudation of forest 

(iv) Interruption and disturbance to drainage system 

(v) Aesthetic considerations 

(vi) Siltation of water reservoirs 
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Special care should be taken to align the road along the side of the hill, which is stable. A common 
problem in hill roads is that of landslides. The cutting and filling of earth to construct roads on hillside causes 
steeping up of existing slopes which affects its stability. Hillside drains should be provided for adequate drainage 
of water across the road. But since the cross drainage structures are costly, attempt should be made to align the 
road in such a way that the number of cross drainage structures are minimal. 

Different geometric standards are followed in hill roads with reference to gradient, curves and speed, 
and they consequently influence the site distance, radius of curve and other related features. The selected route 
should be feasible from the point of attaining the ruling gradient. The alignment should involve least number 
of hair-pin bends and wherever unavoidable, these should be located on stable and less steep slopes. In hilly 
areas locations which get sunlight should be preferred over locations in the shade. The areas liable to snow 
should be avoided. For selection of road alignment in hilly area, reference may be made to Hill Roads Manual 
(IRC:SP:48). 

1.9. Special Consideration in Sand Dune Areas 

The road should be so located that it causes minimum interference to the flow of sand-laden winds. 
Therefore, the roadway should merge with the line of the land as much as possible. In areas having longitudinal 
sand dunes, a location along the ridge or in the inter-dual space should be preferred. Location along the face of 
the dunes should be avoided. Locations where sand is loose and unstable should be avoided. 

1.10. Surveys 

Final location of the alignment is based on ground verification, and therefore, the engineering surveys 
are to be carried out. The surveys may be completed in four stages as below: 

(i) Reconnaissance 

(ii) Preliminary Survey 

(iii) Determination of Final Centre Line 

(iv) Final Location and Detailed Survey 

To facilitate the survey team in the tentative selection of alternative alignments for subsequent detailed 
ground reconnaissance, it will be advisable, to make use of modern techniques, like, aerial survey, 
photogrammetry and remote sensing. 

1.10.1. Reconnaissance : Keeping in view the obligatory points the next step will be to undertake 
reconnaissance survey in the following sequence: 

(a) Study of topographical survey sheets, revenue maps, geological and meteorological maps, and aerial photographs where 
available 

(b) Preliminary aerial survey reconnaissance (as against Aerial Photographs), where practicable 

(c) Ground reconnaissance 

(d) Final reconnaissance of inaccessible and difficult stretches 

1.10.1.1. Study of survey sheets and maps : The study of topographical maps available in the scale of 
1 :50000, i.e., 2 cm to 1 km showing towns, villages, rivers and terrain features with altitudes and contour lines 
at interval of 20 m and revenue maps may be useful to locate the obligatory and control points and to mark the 
probable alternative feasible routes on the topo sheet for further survey on the ground. Such study should be 
done by a senior civil engineer to select and mark the possible routes tentatively on the maps keeping in view 
the guiding principles. For marking the possible routes on the maps in case of hill roads, IRC:52 
"Recommendations About Alignment Survey and Geometric Design of Hill Roads 1 ' can be referred. 
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The probable alignment can be located on the map from the following considerations as per the details 
available on the map: 

(i) Alignment avoiding valleys, ponds and lakes. 

(ii) When the road has to cross a row of hills, possibility of crossing through mountainous passes. 
Oil) Approximate location of bridge site for crossing rivers, avoiding bends of the river, etc. 

(iv) Achievable gradient in hilly area, when a road is to be connected between two stations. Alternate routes can be considered 
keeping in view the permissible gradients say the ruling gradient and limiting gradient. 

Map study thus gives a rough guidance of the routes to be further surveyed m the field. 

1.10.1.2. Aerial reconnaissance : The aerial reconnaissance will also provide a perspective of the 
locality and it will help in the final decision in the selection of alignment. The aerial photographs of the area, if 
available, to the scale of 1 in 20,000 or 1 in 50,000 can be used to correlate the detailed information obtained 
from topo sheet. 

1.10.1.3. Ground reconnaissance : The second stage of survey for route selection is the ground 
reconnaissance. The field survey party should inspect a fairly broad stretch of land along the proposed alternative 
routes found out during the map study. The various feasible alternative routes are further verified physically in 
the field by ground reconnaissance to select the final route. It consists of general examination of the ground by 
walking or riding along the probable routes and collecting all essential and available data as per guidelines 
given in Appendix-4 of IRC:SP:48 "Hill Road Manual". 

Only very simple instruments, like, Abney Level, Tangent Clinometers, Barometer, etc. are required for 
the reconnaissance and collecting the data. All relevant details not available in the map are collected and noted. 

Some of the details to be collected during ground reconnaissance are given below: 

(i) Valleys, ponds, lakes, marshy lands, ridge, hills, permanent structures, archeological structures and other obstructions 
along the route, which may not be available from the map study. 

(ii) Gradient, length of gradient and radius of curves of alternate alignments. 

(iii) Number and type of cross drainage structures, maximum flood level and natural ground water level along the probable 
routes. 

(iv) Soil type along the routes from field identification tests and observations of geological features. 

(v) Sources of construction materials, water and location of stone quarries. 

(vi) When the road passes through hilly or mountainous terrain, additional data regarding the geological formation, type of 
rocks, dip of strata, seepage flow, etc. may be observed so as to decide the stable and unstable sides of the hill for road 
alignment. 

From the details collected during the reconnaissance, a few alternate alignments may be chosen for 
further studies that are based on the practical considerations observed at the site. Preparation of alternate routes 
is shown in Fig. 1 .5. A suggested composition of the team and equipments required to be available for efficient 
and effective conduct of the ground survey is given in IRC:SP:48 "Hill Road Manual". 

1.10.2. Preliminary survey : The mam objectives of the preliminary survey are: 

(i) To survey the various alternative alignments proposed after the reconnaissance and to collect all the necessary details of 
topography, drainage and soil. 

(ii) To compare the different proposals in view of the requirements of a good alignment. 

(iii) To estimate the quantity of earthwork, materials and other construction aspects and to work out the tentative costs of 
alternate alignments. 

(iv) To finalise the best alignment from all considerations. 
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Fig. 1.5. Alternate Routes 



The survey consists of establishing a base-line traverse, which is a series of straight lines along the 
selected alignment. The preliminary survey can be carried out using suitable survey equipments, such as, 
theodolite, etc. depending on the degree of reliability and accuracy required. However, a plane table survey 
would be sufficient in most cases where other equipments may not be available. Levels should be taken along 
the traverse and across it. Levels along the centre line should be taken at intervals of 50 m and at all intermediate 
breaks in ground. The cross-sections should be taken at intervals of 100-250 m in plain terrain, upto 50 m in 
rolling terrain, and upto 30 m in hilly terrain. The benchmarks shall be established at intervals of 250 to 500 
metres. Physical features, such as, buildings, trees, monuments, utilities, railway lines, canals, drainage channels 
should be located by means of offsets. While the traverse is being run, apart from the general information about 
traffic, hydrological data may be collected so as to estimate the type, number and approximate size of cross 
drainage structures. The soil survey data should be collected for working out the details of earthwork, slopes 
and suitability of materials. The data regarding subsoil and surface drainage requirements, pavement type and 
approximate thickness requirements should be collected during the preliminary survey. At critical locations, 
like, sharp curves, hair-pin bends, bridge crossings, etc. the plans should also show contours at 1 to 3 m 
intervals, particularly for roads in rolling or hilly terrain so as to facilitate the final decision. Aerial photographic 
survey, in case of hilly areas is very much suited for preliminary survey when the distance and area to be 
covered are vast or the terrain is not hospitable to physical survey. 

1.10.3. Determination of final centre line : Making use of the maps from preliminary survey showing 
the longitudinal profile, cross-sections and contours, a few alternative alignments for the final centre line of the 
road are drawn and studied and the best one satisfying the engineering, aesthetic and economic requirements is 
selected. Horizontal curves are designed and the final centre line is marked on the map. The vertical curves are 
designed and the profile is then determined. 

1.10.4. Final location and detailed survey : The alignment finalised after the preliminary surveys is 
to be translated on the ground by establishing the centre line. The line to be established in the field should 
follow as closely as practicable the line finalised after the preliminary survey and conforming to the major and 
minor control points established and the geometric design standards. However, modifications in the final location 
may be made in the field if necessary. A compass survey may be sufficient in normal course. The centre line 
may be stacked at 50 m intervals in straight reaches and 25 m intervals on curves. In hilly and mountainous 
reaches, the interval may be reduced to 20 m and 10 m respectively. The points of transit and intersection 
should be properly marked and referenced. Temporary benchmarks shall be fixed at intervals of about 300 m. 
The levelling work is of great importance as the vertical alignment (especially in hilly areas), earthwork 
calculations and drainage details are to be worked from the levels noted. Normally, the earthwork computations 
are based on centre line levels in case of plain country. The cross-section levels may be taken upto the desired 



18 



IRC:SP:20-2002 



width at intervals of 30 m or at closer intervals where there are abrupt changes of slopes. All river crossings, 
valleys should be surveyed in detail upto considerably greater distances on either side. 

A detailed soil survey shall be carried out to enable drawing of the soil profile. The depth upto which the 
sampling is to be done may be 1 .50 to 3.0 m below the ground line or finished grade of the road whichever is 
lower. The data collected during the detailed survey should be elaborate and complete for preparing detailed 
plans and estimate of the project. 

1.11. Detailed Project Report 

The project data collected during the survey and investigations together with the estimates be worked 
out and presented for full appreciation by the appropriate authority. These should be prepared in the following 
three parts which when read together will constitute the complete project document : 

(i) Report 

(ii) Estimate 

(iii) Drawings 

1.11.1. Report : The project report should give a precise account of the different features and may be 
dealt with under the following sub-heads: 

(a) Preliminary details: Name of work, broad scope, plan provision, reference to road plan, history, geography, climate, and 
necessity of the project. 

(b) Road features: Considerations governing the route selection, merits and demerits of alternative routes investigated and 
reason for selecting the proposed route. 

(c) Land acquisition plans: Land acquisition plans and schedules are prepared from the survey drawings for land acquisition 
details. These plans show all general details, such as, buildings, wells, nature of gardens and other details required for 
assessing the values. 

Rural roads are often developed along the existing cart track connecting village to the main road. The 
existing cart track is generally improved to suit the geometric standard of rural road. This requires some land to 
be acquired. Land acquisition and payment of compensation should be arranged expeditiously. For this, suitable 
provision needs to be made in the project estimates. Efforts need to be made in consultation with the revenue 
authorities. Land so obtained should be properly demarcated and guarded from encroachment. Land plans for 
quarries are prepared to show the location of quarries, the material available from them, the distance from the 
work site, etc. 

The road features should be dealt with in more detail containing various aspects as follows: 

(i) Alignment, topographical and geological features 

(ii) Environmental factors- Beneficial and detrimental impact of the proposed road on the environment in terms of air 
pollution to life system, stream pollution, drainage pattern, landscaping, vegetation, etc. 

(iii) Proposals of right of way, acquisition of structures. 

(iv) Traffic- Present and projected for a period of ten years. 

(v) Road design and specification - Geometrical design of road, pavement designs, retaining works, specifications. 

(vi) Cross drainage structures - Investigation, details of design proposals, drawing of CD work at the appropriate scale. 

(vii) Materials, labour and equipment - Availability, suitability, lead distance, mobilisation of resources. 

(viii) Rates - Schedule of rates adopted, consideration of price escalation, physical and financial contingency and quality 
control measures. 

(ix) Construction programme - Likely period of execution, likely constraints on the works. 

(x) Miscellaneous - Diversion of traffic, arrangement of water supply and other site amenities, etc. 
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The design calculation data etc. for above items should be included as Annexures. The project report 
along with the detailed estimate and drawings will provide a complete appraisal of the project. 

1.11.2. Estimates : The project estimate should give the financial implications of the project. The 
estimate should include all items of execution from site clearance to finishing activities of the work. The 
estimate should include general abstract of cost and detailed estimate. The quantity of each item should be 
carefully worked out and expressed with relevant units. The rates should be based on the schedule of rates 
applicable for the district. Wherever the rates are worked out, detailed rate analysis should be included in the 
estimates. Provision of about 3 per cent contingencies and 1 per cent each for work establishment and quality 
control should be made in the general abstract. Provision for land acquisition of required width should also be 
made if land is to be acquired for the project. 

1.11.3. Drawings : The following drawings are usually prepared: 

(i) Key map 

(ii) Index map 

(iii) Preliminary survey plan 

(iv) Detailed plan and longitudinal section 

(v) Detailed cross-section 

(vi) Land acquisition plans 

(vii) Detailed drawings of CD works 

(viii) Drawings of protection works and other structures 

(ix) Quarry chart 

Key map should show the proposed and existing roads and important places to be connected. Index map 
should show the general topography of the area. The details are symbolically represented. Preliminary survey 
plans showing details of various alternate alignments and all information collected should normally be drawn 
to scales of 10 cm = 1 km to 25 cm = 1 km. A strip plan is prepared showing the ground plan with alignment and 
boundaries, contours at interval of 1 to 2 meters in plain country and 3 to 6 meters in hills, all existing structures 
and other natural details and geometric features. Longitudinal sections are drawn to the same horizontal scale 
of the detailed plans. The vertical scale is enlarged 10 times to the longitudinal scale. The longitudinal section 
should show the details, such as, datum line, existing ground surface, vertical profile of the proposed road and 
position of cross drainage. Detailed cross-sections are generally drawn to the scale of 1 cm = 2.0 to 2.50 m. 
Cross-sections are drawn every 100 m or where there are abrupt changes in levels. In hill roads, the cross- 
sections are drawn at closer intervals. The cross-section drawings should be extended at least upto the proposed 
right of way. 
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Appendix-1.2 
Instructions-I 

INSTRUCTIONS FOR FILLING FORMAT-I 

The form has three parts as explained below: 

A. Reference Data: It contains the name and code number for State, District and Blocks. The two- 
letter codes for various StatesUunion Territories are given in Appendix- 1. 7. The State administration 
will first list all the districts (preferably alphabetically) and number them serially for use as the 
district code. The District administration will list all the Blocks (preferably alphabetically) and number 
them serially for use as the Block code. 

B. Demographic and Infrastructure Data: This data can be provided for each habitation as defined 
earlier. One revenue village may have one or more habitation. Therefore, for all such habitations 
suitable codes should be provided. For code number, all habitations with in a Block may be 
alphabetically arranged and then serially numbered, while habitation within a village should be 
alphabetically arranged and then serially numbered. The instructions to fill-up each column are 
given below: 

Col. 1 Write the name of revenue village and code number. 

Col. 2 Write the code number of habitation (this is a serial number only from the list of all habitations 

in the Block). 

Col. 3 Write the name of habitation. 

Col. 4 Give the current population of habitation. 

Col. 5 Give the current SC/ST population. 

Col. 6 to 19 Write the number of units of each facility available in habitation under relevant column. If 
not available write zero. 

Col. 20 Write Yes, if the habitation is connected with bus facility otherwise write No. 

Col. 21 Write Yes, if the habitation is connected with railway station otherwise No. 

Col. 22 If the habitation is electrified write Yes, otherwise write No. 

Col. 23 Write Yes, if the habitation is the Panchayat Headquarter, otherwise No. 

Col. 24 Write (H) if the habitation is in a Hilly area, (C) for coastal area and (P) Plain. 

Col. 25 Give the name of Member of Legislative Assembly and Member of Parliament constituency. 

Col. 26 The habitation may have one or more roads coming from different direction. One or more 
of them may be all-weather road. On the other hand none of these may be all-weather road. 
They may be fair-weather road, e.g. earth road, track, bridle path, etc. Give the list (code 
number and type only) of all such roads. If the numbers of such roads are more than the 
rows specified in the format then additional rows of the table should be used. These roads 
will be required to be inventoried in FORMAT-II with the same code numbers. Fill the 
code number of road from inventory FORMAT-II (after it is prepared). 

Col. 27 The type of the road, i.e., AWR for AU-Weather Road or FWR for Fair Weather Road. 
C. Certificate: Give the certificate and sign it. 



22 



IRC:SP:20-2002 



< 












a 




in 




o 








UJ 




a: 




w 




u. 


UJ 


m 




a: 


< 




H 


< 





! £ 



3 o 



o 

D) 
C 



O 
O) 



1 § 



(1M) H1P!M 



(ueds 
Abm jbjem) 
i)i6ua| |bjoi 



3dAl 



|8ABJO 



|B»a|Al/IAig/V\ 



Abm aBBjjjBo 



ABMpBOy 



l|)P;m 
puB| pBoy 



adA} ujBjjaj. 



||os }o adAi 



(9e63t- 
X3) (IAIVI) M»6uan 



(sjaqjo/yA/yao) 
psoy jo AjoBajBQ 



apoo peoy 



^!(M:eo:T-:c>l!co!T-:cM:eo:^:w:co:r-!c>l!co:T-:c»i:co!^:c»l!e>!^:<M:cO!T-:w!eo 

x x i x i x i i x i i:i i i i i i i:i i x;x i i.-x i i 



"^:(M:eo:T-:p4:(o:T-:cM:eo:^:tM:co:T-:cM:co:T-:(N:eo:T-:ru:to:^:CM:co:T-:cM:co 
□ QQQQQQQQQQQQ O O Q Q Q Q Q Q Q Q Q 

o;o;oo o oooooooooo o o;o o o o o o o o o o 



peoy jo auieN 



ON S 



= £ 



2 _ 



llii 



23 



IRC:SP:20-2002 



Appendix- J. 4 
Instructions-!! 



INSTRUCTIONS FOR FILLING FORMAT-II 

A comprehensive inventory of all types of rural roads has to be prepared and all these roads should also 
be marked on the map. The code number of all such roads should be given in the map. 

A. Reference Data 

Provide the name and code numbers for State, District and Block. 

B. Road Inventory 
Col. 1 Serial number 

Col. 2 Giving the names of starting and/or ending habitations may lorm name of road. The road 
may have a normal name for it. 

Col. 3 Give the code number for each road, which may be the serial number of road, added to the 
list for the Block. The road code numbering may be R,, R^, R^, R 4 and so on. 

Col. 4 Specify the category of road (ODR/VR/Other category). 

Col. 5 Give the total length of the road accurately. For example, 12.935 km indicates it to be 12 km 
and 935 metres long. 

Col. 6 Give the major type of soil of the road such as Black Cotton (BC), Silty (SL), Sandy (S), 
Gravel (G), etc. 

Col. 7 Terrain type may be classified into Plain (P), Rolling (R) and Hilly (H). 

Col. 8-10 Give the three parameters of road geometry. See the drawing shown in Fig. 2 for ready 
reference. The land width, formation width and carriageway are to be recorded. 

Col. 11-14 Surface condition: Give the lengths of the road sections having different surface type in 
different parts of the road. 

Col. 15-17 Cross Drainage (CD) works: Give the details for all existing CD works along the road. If 
more than three CD works are there use additional rows of the FORMAT. For each CD 
show the waterway span (metres) and carriageway width (metres) of the CD. Cross Drainage 
(CD) works: Give the details for all existing CD works along the road. If more than three CD 
works are there use additional rows of the FORMAT. For each CD show the waterway span 
(metres) and carriageway width (metres) of the CD. 

Col. 19 Give the list of all habitations with in 500 m from the centre of the road. Details of all 
habitations are given in Format No-I. 

C. Certificate: Give the certificate and sign it. 
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Appendix- 1.6 



LEGEND/COLOUR CODES FOR PREPARATION OF MAPS 



Roads/Railways 

National Highways 

State Highways 
MDRs 

ODR/VRs 

Any Other VRs 



NH 



SH 



MDR 



ODR/VR 



Railways 

The MDR, ODR and VR should be coloured with the following colours as per their surface conditions: 



BT Red 

WBM Green 

Gravel/Brick soling ~^^^^~ mmmmmm Violet 

Earthen ~~ — "~ Grey 

Cross drainage ^-n. ] [ 

Water Bodies ~~V^~^~^ — Blue 

Boundaries 

District Boundary a m m a . a 

Block Boundary ' ^ 

Habitations 

Habitation (Number indicates (three digit code) numerical serial number of habitation in the Block) 



(1) > = 1000 persons 
(li) 500 - 999 persons 
(in) 250-499 
(iv) < 250 persons 
District Headquarter 
Block/Tehsil Headquarter 



o 
o 



Black 

Red 

Blue 

Yellow 

(Name) 

(Name) 



Other Features 

(i) Places of tourist, religious and historical importance 

(ii) Quarry site 



QS 
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Appendix-1. 7 



CODING FOR HABITATION 



R 


J 


0 


9 1 I 5 


0 2 3 


f- 







This is the serial number of the habitation in the Block. 
j There can be maximum of 999 habitations in the Block 
as three digits are allocated. 



. This is the serial number of the Block in a District. This 
~ shows that a maximum number of 99 Blocks to be 
identified in a District. 



This is the serial number of the District in the State. There 
can be maximum of 99 Districts in the State as two digits 
as provided. 



This is two-letter code for the State and this is to be same 
as that indicated and listed below. 



State/Union Territory codes 



Name of the State 


Code 


Name of the State 


Code 


Andhra Pradesh 


AP 


Orissa 


OR 


Amnachal Pradesh 


AR 


Punjab 


PB 


Assam 


AS 


Rajasthan 


RJ 


Bihar 


BR 


Sikkim 


SK 


Chattisgarh 


CG 


Tamilnadu 


IN 


Goa 


GA 


Tripura 


TR 


Gujarat 


GJ 


Uttaranchal 


UT 


Haryana 


HR 


Uttar Pradesh 


UP 


Himachal Pradesh 


HP 


West Bengal 


WB 


Jammu & Kashmir 


JK 






Jharkhand 


JH 






Karnataka 


KN 


Name of the Union Territory 




Kerala 


KR 


Andaman & Nicobar Islands 


AN 


Madhya Pradesh 


MP 


Chandigarh 


CH 


Maharashtra 


MH 


Dadar and Nagar Haveli 


DN 


Manipur 


MN 


Daman & Diu 


DD 


Meghalaya 


MG 


Delhi 


DL 


Mizoram 


MZ 


Lakshadweep 


LK 


Nagaiand 


NG 


Pondicherry 


PD 
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CHAPTER 2 
GEOMETRIC DESIGN STANDARDS 

2.1. Introduction 

These guidelines relating to geometric design standards are intended to be applied to rural roads. For 
these guidelines, the rural roads shall include Other District Roads (ODR) and Village Roads (VR). These 
roads provide accessibility to the villages in the rural area of the country. Geometric design standards of the 
rural roads need not be restricted to the minimum values set out and milder values than the minimum should be 
preferred where conditions are favourable and the cost is not excessive. Higher standards right in the initial 
stages may be warranted in cases where improvement of road geometric (like, widening of formation width) at 
a later date is anticipated due to increased traffic. 

The following codes have been published by IRC for providing guidelines on the Geometric Design 
Standards of Rural Roads. 

(i) IRC:73 Geometric Design Standards for Rural (Non-Urban) Highways 

(li ) IRC:52 Recommendations About the Alignment Survey and Geometric Design of Hill Roads 

(iii) IRC:SP:23 Vertical Curves for Highways 

(iv) IRC:38 Guidelines for Design of Horizontal Curves for Highways and Design Tables 

(v) IRC:SP:48 Hill Road Manual 

Above IRC publications deal with geometric design features for all categories of roads including National 
Highways. This Chapter exclusively deals with geometric design standards for rural roads and other relevant 
features. These guidelines can be adoi-l?d to new roads as well as improvement of existing rural roads. 

2.2. Classification of Rural Roads 

The rural roads in India are commonly referred to: 
(i) Other District Roads (ODR) 
(n) Village Roads (VR) 

Other district roads are the roads serving rural area of production and providing them with outlet to 
market centres, taluka headquarters, block development headquarters or major district roads, and would serve 
to connect villages with population 1000 and above or cluster of villages. Village roads are roads connecting 
villages or cluster/group of villages with each other and to the nearest road of a higher category. These two 
categories of roads are proposed to be called together as 'rural roads' with uniform standards. 

2.3. Terrain Classification 

The general slope of the country classifies the terrain across the area. The terrain is an important parameter 
governing the geometric standards and the criteria given in Table 2.1 should be followed. While classifying a 
terrain short isolated stretches of varying terrain should not be taken into consideration. 



Table 2.1. Terrain Classification 



Terrain Classification 


Cross Slope of the Country 


Plain 


0-10 per cent 


More than 1 in 10 


Rolling 


1 0-25 per cent 


1 in 10 to 1 in 4 


Mountainous 


25-60 per cent 


1 in 4 to 1 in 1 .67 


Steep 


Greater than 60 per cent 


Less than 1 in 1 .67 
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2.4. Design Speed 

Design speed is a basic criterion for determining all geometric features of horizontal and vertical 
alignments. The design speeds for the rural roads should be taken as given in Table 2.2. 

Table 2.2. Design Speed 



Road 

Classification 


Design Speed (km/h) 


Plain Terrain 


Rolling Terrain 


Mountainous Terrain 


Steep Terrain 


Ruling 


Min. 


Ruling 


Min. 


Ruling 


Min. 


Ruling 


Min. 


Rural Roads 
(ODR and VR) 


50 


40 


40 


35 


25 


20 


2- 


20 



Normally ruling design speed should be the guiding criterion for the purpose of geometric design. 
Minimum design speed may, however, be adopted where site condition and cost does not permit a design based 
on "'Ruling Design Speed". 



2.5. Basic Principles of Geometric Design 

These guidelines are intended for uniform practices to achieve optimum design standards for rural roads. 
As a general rule, geometric features of a road do not allow for stage construction. Improvement of features, 
like grade, curvature and widening of cross drainage works at a later date can be very expensive and sometimes 
impossible in remote and hilly area. It is, therefore, necessary that ultimate geometric requirement of rural 
road should be kept in mind right in the beginning. 

If stage construction is unavoidable, the permanent works, like, retaining walls, breast wall, and drain, 
which may have to be altogether rebuilt, may be constructed using dry masonry. Interceptor drains may be 
located well at the beginning and culverts provided to full width to avoid the need for their widening subsequently. 

The design standards recommended are absolute minimum. However, the minimum values should be 
applied only where serious restrictions are implied from technical or economical considerations. General 
effort should be to exceed the minimum values as far as possible. Road should be designed so as to have 
minimum turns and the total number of curves in one kilometer should generally be less than 6. 

2.6. Cross-Sectional Elements 

2.6.1. Road Land Width : Road land width (also termed the right-of-way) is the width of land 
acquired for road purposes. The desirable land width for rural roads in different terrain is given in Table 2.3. 



Table 2.3. Recommended Road Land Width 





Plain and Rolling Terrain 


Mountainous and Steep Terrain 


Road 

Classification 


Open Area 


Built-up Area 


Open Area 


Built-up Area 




Normal 


Range 


Normal 


Range 


Normal 


Exceptional 


Normal 


Exceptional 


Rural Roads (ODR and 
VR),(m) 


,15 


15-25 


15 


15-20 


12 


12 


12 


9 



Note: (i) Additional land width as per requirement may be acquired at locations involving deep cuts, high banks and unstable or 
landslide prone areas. 

(ii) The lower values of land wid'h may be adopted where the traffic intensity is less than 1 00 vehicles per day, and where the 
traffic is not likely to increase due to situation, like, dead end, low habitation and difficult terrain conditions. 
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2.6.2. Building and control lines : In order to prevent overcrowding and preserve sufficient space 
for future road development, it is advisable to lay down restrictions on building activity along the rural roads. 
Fig. 2.1 shows road land boundary, building line, control line, roadway and carriageway for rural roads. 
Recommended standards for building lines and control lines are given in Table 2.4. 



Table 2.4. Recommended Standards for Building and Control Lines 



Road 

Classification 


Plain and Rolling Terrain 


Mountainous and Steep Terrain 


Open Area 


Built-up Area 


Open Area 


Built-up Area 


Overall 
Width 
Between 
Bldg. Lines 


Overall 
Width 
Between 
Control Lines 


Distance Between 
Bldg. Line and 
Road Boundary 
(set-back) 


Distance Between 
Building Line and 
Road Boundary 
(set-back) 


Rural Roads (ODR and 
VR), (m) 


25/30* 


35 


3-5 


3-5 3-5 



Note: *If the land width is equal to the width between the building lines indicated in Section 2.6. 1 , the building lines should be set-back 
by 2.5 m from the road land boundary. 

2.6.3. Roadway width : Roadway width inclusive of parapet, side drains for rural roads for different terrain shall be 
as given in Table 2.5. 

Table 2.5. Recommended Roadway Width 



Terrain Classification 


Roadway Width (m) 


Plain and Rolling 


7.5 


Mountainous and Steep 


6.0 



Notes: (i) For rural roads, where the traffic intensity is less than 1 00 motor vehicles per day, and where the traffic is not likely to 
increase due to situation like dead end, low habitation and difficult terrain conditions the roadway width may be reduced 
to 6.0 m in case of plain and rolling terrain. 

(ii) The roadway width given in the Table 2.5 for mountainous and steep terrain is inclusive of parapet. 

(iii) The roadway width for Rural Roads is on the basis of a single lane carriageway of 3.75 m. 

(iv) On horizontal curves the roadway width should be increased corresponding to the extra width of carriageway for 
curvature. 

(v) On roads subjected to heavy snowfall and landslides, where regular snow or debris clearance is done over long period to 
keep the road open to traffic, roadway width may be increased by 1 .5 m. 

2.6.4. Carriageway width : The standard width of carriageway for both plain and rolling as well as 
mountainous and steep terrain shall be as given in Table 2.6. Typical cross-sections of rural roads are given in 
Figs. 2.2 and 2.3. 



Table 2.6. Recommended Carriageway Width 



Road Classification 


Carriageway Width (m) 


Rural Roads (ODR and VR) 


3.75 



Note: For rural roads, the carriageway width may be restricted to 3.0 m, where the traffic intensity is less than 1 00 motorised vehicles 
per day, and where the traffic is not likely to increase due to situation, like, dead end, low habitation and difficult terrain 
conditions. 
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EXISTING 




(a) ROAD IN S IKAIGKT ( TANGENT SECTION) 



EXISTING GROUND 




(b) ROAD IN CURVE 



Fig. 2.2. Typical Cross-Section in Plain and Rolling Terrain 
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Fig. 2.3. Typical Cross-Sections in Mountainous and Steep Terrain 
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2.6.5. Shoulder width : The width of shoulder for rural roads in different terrain can be directly 
obtained using Tables 2.5. and 2.6. Shoulder width will be one half the difference between the roadway width 
and carriageway width. 

2.6.6. Side slopes : Side slope for rural road where embankment height less than 3.0 m is given in 
Table 2.7. 



Tabi 2.7. Side Slope for Rural Roads 



Condition 


Slope (H:V) 


Embankment in silty/sand^gravelly soil 


2:1 


Embankment in clay or clayey silt or inundated condition 


2/2:1 to 3:1 


Cutting in silty/sandy/gravelly soil 


1:1 to Vz:\ 


Cutting in disintegrated rock or conglomerate 


Vt\] to %:1 


Cutting in soft rock like shale 


%:1 to 1/8 :1 


Cutting in medium rock like sandstone, phyllite 


1/12 :1 to 1/16:1 


Cutting in hard rock like quartzite, granite 


Near vertical 



2.7. Roadway Width at Cross-Drainage Structures 

It is difficult to widen cross-drainage structure at a later stage. Therefore, the roadway width should be 
decided very carefully at the planning stage itself. Causeway and submersible bridge are usually provided on 
rural roads. High-level bridge on rural roads shall be provided only in exceptional cases on merit. 

2.7.1. Culvert : The roadway width at culvert (measured from outside to outside of the parapet 
walls) shall be as given in Table 2.8. 



Table 2.8. Roadway Width at Culvert 



Roa H Classification 


Terrain (m) 


Plain and Rolling 


Mountainous or Steep 


Rural Roads (ODR and VR) 


7.5 


6.0 



2.7.2. Bridge : The roadway width between the kerb for minor and major bridges shall be as given 
in Table 2.9. 



Table 2.9. Roadway Width at Bridge 



Road Classification 


Clear Roadway Width (m) 


Rural Roads (ODR and VR) 


5.5 



The roadway width specified in Table 2.9 is exclusive of parapet. 

For rural roads, where the traffic is less than 100 motorised vehicles per day and it is not likely to grow 
due to situation, like, dead end, low habitation and difficult terrain conditions, the roadway width at bndge may 
be reduced to 4.25 m. 

2.7.3. Causeway and submersible bridge : Roadway width at causeway and submersible bridge 
shall be as given in Table 2.10. 



Table 2.10. Roadway Width at Causeway and Submersible Bridges 



Road Classification 


Overall Roadway Width (m) 


Plain and Rolling 


Mountainous and Steep Terrain 


Rural Roads (ODR and VR) 


7.5 


6.0 
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2.8. Camber 

The camber on straight section of road should be as recommended in Table 2.1 1 . 

Table 2.1 1. Camber for Different Surface Types 



Surface Type 


Camber (per cent) 


Low Rainfall (Annual 
Rainfall < 1000 mm) 


High Rainfall (Annual 
Rainfall > 1000 mm) 


Earth road 


4.0 


5.0 


WBM and gravel road 


3.5 


4.0 


Thin bituminous pavement 


3.0 


3.5 


Rigid pavement 


2.0 


2.5 



At super-elevated road sections, the shoulder should normally have the slope of same magnitude and 
direction as the pavement slope subject to the minimum cross-fall allowable for shoulder. The camber for earth 
shoulder should be at least 0.5 per cent more than that for the pavement subject to the minimum of 4 per cent. 
However, 1 per cent more slope than the camber for pavement is desirable. 

2.9. Sight Distances 

Visibility is an important requirement for the safety of travel on roads. For this, it is necessary that sight 
distance of adequate length should be available in different situations to permit drivers enough time and distance 
to control their vehicles so that chances of accidents are minimised. Three types of sight distance are relevant 
in the design of road geometry: Stopping Sight Distance (SSD); Intermediate Sight Distance (ISD) and Overtaking 
Sight Distance (OSD). 

2.9.1. Stopping sight distance : The stopping sight distance is the clear distance ahead needed by a 
driver to bring his vehicle to a stop before collision with a stationary object in his path, and is calculated as the 
sum of braking distance required at the particular speed plus the distance travelled by the vehicle during perception 
and brake reaction time. 

2.9.2. Intermediate sight distance : Intermediate sight distance is defined as twice the stopping 
sight distance. 

2.9.3. Overtaking sight distance : Overtaking sight distance is the minimum sight distance that 
should be available to a driver on a two-way road to enable him to overtake another vehicle. The provision of 
overtaking sight distance is by and large not feasible on hill roads and also not considered for single lane roads. 

The design values for these sight distances and criteria for their measurement are given in Tables 2.12 
and 2.13 respectively. 

Table 2.12. Design Values of Stopping, Intermediate and Overtaking Sight Distance 



Speed 
(km/h) 


Design Values (m) 


Stopping Sight Distance 


Intermediate Sight Distance 


Overtaking Sight Distance 


20 


20 


40 




25 


25 


50 




30 


30 


60 




35 


40 


80 




40 


45 


90 


165 


50 


60 


120 


235 
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Table 2.13. Criteria for Measuring Sight Distance 



Sight Distance 


Driver's Eye Height (m) 


Height of object (m) 


Safe Stopping Sight Distance 


1.2 


0.15 


Intermediate Sight Distance 


1.2 


1.2 


Overtaking Sight Distance 


1.2 


1.2 



In addition to these, on valley curves, the design is governed by night visibility also. Application of sight 
distance criteria for geometric design is covered in the following sections. 

2.10. Horizontal Alignment 

2.10.1. General guidelines 

(i) The alignment should be as directional, fluent and matching well with the surrounding topography as possible and also 
to avoid abrupt changes. 

(ii) On new roads the curves should be designed to have the largest practical radius generally not less than the ruling value 
corresponding to ruling design speed given in Table 2.2. 

(iii) Absolute minimum values based on Minimum Design Speed may be used where economics of construction and site 
condition so dictates. The radii below the absolute minimum should not be provided. 

(iv) Straight section exceeding 3 km length should be avoided. A curvilinear alignment with long curve is better from point 
of safety and aesthetic. 

(v) Sharp curves should not be introduced at the end of long tangents, since these can be extremely hazardous. 

(vi) Curve should be sufficiently long and have suitable transition curves at either end to eliminate the shock due to application 
of centrifugal force. For deflection angle less than 1 degree no curve is required to be designed. 

(vii) Reverse curves may be needed in difficult terrain. Sufficient length between two curves shall be provided for introduction 
of requisite transition curve. 

(viii) To avoid distortion in appearance, the alignment should co-ordinate with the longitudinal profile. 

2.10.2. Horizontal curve : In general, horizontal curve should consist of a circular portion flanked by 
spiral transition at both ends. Design speed, super elevation and coefficient of side friction affect the design of 
circular curves. Length of transition curve is determined on the basis of rate of change of centrifugal acceleration 
or the rate of change of super elevation. 

2.10.3 . Superelevation : Superelevation to be provided on curve is calculated from the following 
formula: yi 

e = 

225R 

Where e = Superelevation in metre per metre 

V = Design speed in km/ hr 
R = Radius of the curve in metres 

Superelevation obtained from the above expression should, however, be kept limited to the following 
values: 

Plain and rolling terrain 7 per cent 

Snow bound area 7 p er cent 

Hilly area but not snow bound ] 0 per cent 
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Fig. 2.4 indicates the super-elevation rates and radius of curvature for various design speeds on this 
basis. For safety reasons superelevation should be used for all roads regardless of traffic volumes. The only 
exception may be for very large radius curve. When the superelevation calculated is less than the minimum 
camber required for drainage of surface water no superelevation need be provided. Table 2.14 shows the radii 
of horizontal curve for different camber beyond which extra superelevation is not required. The change over 
from normal section to superelevated section should be achieved gradually over the full length of the transition 
curve. In case where the transition curve cannot be provided for some reason, two-third superelevation may be 
attained on the straight and the balance one-third on the circular curve. Keeping in view pavement surface 
drainage, superelevation should not be less than the rate of camber appropriate for the type of wearing surface. 




Radius in metres 



* ■ i i i i i 

600 700 800 



Fig. 2.4. Superelevation Rates for Various Design Speeds 



37 



IRC:SP:20-2002 

Table 2.14. Radii Beyond which Superelevation Not Required 



Design Speed 
( km/h) 


Radius (m) 


4 per cent 
Camber 


3 per cent 
Camber 


2.5 per cent 
Camber 


2.0 per cent 
Camber 


20 


50 


60 


70 


90 


25 


70 


90 


110 


140 


30 


100 


130 


160 


200 


35 


140 


180 


220 


270 


40 


180 


240 


280 


350 


50 


280 


370 


450 


550 



The change from normal cross-section to a superelevated section should be made gradually. The normal 
cambered section of the road is changed into superelevated section in two stages. First stage is the removal of 
adverse camber in outer half of the pavement. In the second stage, superelevation is gradually built-up over the 
full width of the carriageway so that the required superelevation is available at the beginning of the circular 
curve. There are three different methods for attaining the superelevation: 



( i ) Revolving pavement about the centreline 

(ii) Revolving pavement about the inner edge of the pavement 

(iii) Revolving pavement about the outer edge 

For rural roads, the first method, i.e., revolving pavement about the centreline will be suitable in most of 
the situations. Since vehicles have to frequently use the shoulders in the case of single lane roads, the shoulder 
slope on superelevated sections should be of the same magnitude and direction as the pavement slope. The 
required superelevation on shoulders should be attained simultaneously with the pavement in the same manner. 
In case transition curves are provided, superelevation is attained over length of transition curve. 

2.10.4. Minimum curve radii : On new roads, horizontal curve should be designed to have the targeted 
practical radius generally more than the values corresponding to the ruling design speed. However, absolute 
minimum values based on mmimum design speed might be resorted to if economics of construction or the site 
conditions so dictate. While improving existing roads, curves having radii corresponding to absolute minimum 
standard may not be flattened unless it is necessary to realign the road for some other reasons. The minimum 
curve radii for horizontal curves corresponding to ruling minimum and absolute minimum design speeds are 
given in Table 2.15. 



Table 2.15. Minimum Radii ok Horizontal Curves 



Road 


Plain 




Rolling 


Mountainous Terrain 


Steep Terrain 


Category 


Terrain 


Terrain 


Areas not 


Areas 




Areas not 


Areas 














Affected by Snow 


Affected by Snow 


Affected by Snow 


Affected by Snow 




Ruling Minimum 


Absolute Minimum 


Ruling Minimum 


Absolute Minimum 


Ruling Minimum 


Absolute Minimum 


Ruling Minimum 


Absolute Minimum 


Ruling Minimum 


Absolute Minimum 


Ruling Minimum 


Absolute Minimum 


Rural Roads (ODR 


90 


60 


60 


45 


20 


14 


23 


15 


20 


14 


23 


15 


& VR), (m) 



























Note: Ruling minimum and absolute minimum radii are for ruling design speed and minimum design speed respectively vide Table 2.2. 
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2.10.5. Transition curve : Spiral curve should be used for transition. This is necessary for a vehicle to 
have smooth entry from a straight section in to a circular curve. The transition curve also improves aesthetic 
appearance of the road besides permitting gradual application of the superelevation and extra widening of 
carriageway needed at the horizontal curve. Transition curve is provided at both ends of horizontal curve. 
Minimum length of transition curves for various radii are given in Table 2.16. For deriving values of the 
individual elements like shift, tangent distance, apex distance, etc., and working out co-ordinates to lay the 
curves in the field, it is convenient to use curve tables. For this, reference may be made to IRC:38. 

2.10.6. Widening at curves : At sharp horizontal curve, it is necessary to widen the carriageway to 
facilitate safe passage of vehicles. The extra width to be provided to horizontal curve are given in Table 2.17. 
By increasing the width at an approximately uniform rate along the transition curve required widening should 
be achieved; the extra width should be continued over the full length of the circular curve. The widening should 
be done on both sides of the carriageway, except that on hill roads it will be preferable if the entire widening is 
done only on the inner side of the curve. 

Table 2.16. Minimum Length of Transition Curve for Different Speeds and Curve Radii 



Plain and Rolling Terrain 


Mountainous and Steep Terrain 


Curve 

Radius 

(m) 


Design Speed (km/h) 


Curve 

Radius 

(m) 


Design Speed (km/h) 


50 1 40 1 15 


40 30 25 


20 


Transition Length (m) 


Transition Length (m) 


45 




NA 


70 


14 






NA 


30 


60 


NA 


75 


55 


20 






35 


20 


90 


75 


50 


40 


25 




NA 


25 


20 


100 


70 


45 


35 


30 




30 


25 


1.5 


150 


45 


30 


25 


40 


NA 


25 


20 


15 


170 


40 


25 


20 


50 


40 


20 


15 


15 


200 


35 


25 


20 


55 


40 


20 


15 


15 


240 


30 


20 


NR 


70 


30 


15 


15 


15 


300 


25 


NR 




80 


25 


15 


15 


NR 


360 


20 






90 


25 


15 


15 




400 


20 






100 


20 


15 


15 




500 


NR 






125 


15 


15 


NR 




600 








150 


15 


15 






700 








170 


15 


NR 






800 








200 


15 








900 








250 


15 








1000 








300 


NR 








NA Not applicable NR Transition not required. 

Table 2.17 Widening of Pavement at Curve 



Radius of Curve (m) 


LJpto 20 


21-60 


Above 60 


• Extra Widening for 3.75 m Wide Single 
Lane Carriageway, (m) 


0.9 


0.6 


Nil 



2.10.7. Set-back distance at horizontal curves : Requisite sight distance should be available across 
the inner side of the horizontal curve. Lack of visibility in the lateral direction may arise due to obstruction, 
like, wall, hill cut, wooded area, high slope, etc. The sight distance is measured along the middle of the inner 
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lane. However, on single lane road, sight distance is measured along the centre line of the carriageway. The set- 
back distance is calculated using the following equation : 

m = R -(R-n) cos^ 

5 

Where <f> radians 

2 (R-n) 

m = the minimum set-back distance from the centre line of the road in metres 
R = radius of the centre line of the road in metres 

n = distance between the centre line of the road and the inside lane in metres 
S = required sight distance in metres 

Utilising the above equation the design values of the set-back distance corresponding to safe stopping 
distance for single lane carriageway are given in Table 2.18. 

Table 2.18. Recommended Set-back Distance for Single Lane Carriageway 



Radius of 
Circular 
Curve (m) 


Set-Back Distance (m) 


S=20 m 
(V=20 km/h) 


S=25 m 
(V=25 km/h) 


S=30 m 
(V=30 km/h) 


S=45 m 
(V=40 km/h) 


S=60 m 
(V=50 km/h) 


14 


3.4 










15 


3.2 










20 


2.4 


3.8 








23 


2.1 


3.3 








30 


1.7 


2.6 


3.7 






33 


1.5 


2.3 


3.4 






50 


1.0 


1.6 


2.2 


5.0 




60 




1.3 


1.9 


4.2 




80 




1.0 


1.4 


3.1 


5.6 


100 




0.8 


1.1 


2.5 


4.5 


120 




0.7 


0.9 


2.1 


3.7 


150 




0.5 


0.8 


1.7 


2.3 



Set-back distance for overtaking or intermediate sight distance can be comnuted similarly but the clearance 
required is usually too large to be economically feasible except on very flat curves. Where there is hill slope on 
the inner side of the horizontal curve, the average height of sight line for stopping sight distance can be used as 
0.7 m for deciding the extent of clearance. Cut slope should be kept lower than the height of the sight line 
demarcating the set-back distance, either by cutting back the slope or benching suitably. In the case of intermediate 
or overtaking sight distance, height of sight line above the ground should be taken as 1 . 2 m. Where horizontal 
and vertical curve overlap, the design should provide for the required sight distances both in the vertical direction 
along the pavement and in the horizontal direction on the inner side of the curve. 

2.11. Vertical Alignment 

The designer has to always keep an eye on economy in selecting the alignment and the longitudinal 
profile. It is general practice to follow as closely as possible the natural terrain profile. Desirably there should 
be no change within the distance of 150 m. Two vertical curves in same direction with a short tangent 
should be avoided. The longitudinal profile should be co-ordinated suitably with the horizontal alignment. 
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Decks of small cross drainage structures (culverts and minor bridges) should follow the same profile as the 
flanking road section without any break in the grade line. 

2,11.1. Gradient : The rate of rise or fall with respect to the horizontal along the length of road 
expressed as ratio or a percentage is termed as the "gradient". Gradient should be carefully selected keeping m 
view the design speed and terrain. Various levels of gradients which are generally adopted for roads are as 
given below: 

(a) Ruling gradient: It is a gradient, which in the normal course must never be exceeded in any part of road. 

(b) Limiting gradient: It is a gradient steeper than the ruling gradient, which may be used, in restricted lengths where keeping 
within the ruling gradient is not feasible. 

(c) Exceptional gradient: It is a gradient steeper than the limiting gradient, which may be used in short stretches only in 
extraordinary situation. 

Gradient upto the 'ruling gradient' may be used as a normal course in design. The 'limiting gradients' 
may be used where the topography of a place compels this or where the adoption of gentler gradients would 
involve additional cost. In such case also, the length of continuous grades steeper than the ruling gradients 
should be as short as possible. 

'Exceptional gradients' are meant to be adopted only in very difficult situations and for short length not 
exceeding 100 m at a stretch. In mountainous and steep terrain, successive stretches of exceptional gradients 
must be separated by a minimum length of 100 m having gentler gradients. Recommended gradient for different 
classes of terrain except at hair-pm bends are given in Table 2.19. The rise in elevation over a 2 km length shall 
not exceed 100 m in mountainous terrain and 120 m in steep terrain. In hilly terrain, gradient should be such 
that it can be negotiated with the least change of gears by heavier vehicles to save time and operation cost. 



Table 2.19. Recommended Gradients for Different Terrain Conditions 



Terrain 


Ruling 


Limiting 


Exceptional 




Gradient 


Gradient 


Gradient 


Plain and rolling 


3.3 Per cent 


5 Per cent 


6 Per cent 




(1 in 30) 


(1 in 20) 


(1 in 16.7) 


Mountainous terrain and 


5 Per cent 


6 Per cent 


7 Per cent 


steep terrain having elevation 


(1 in 20) 


(1 in 16.7) 


( 1 in 14.3) 


more than 3,000 m above the 








mean sea level 








Steep terrain having 


6 Per cent 


7 Per cent 


8 Per cent 


elevation more than 3,000 m 


(1 in 16.7) 


(1 in 14.3) 


(1 in 12.5) 


above the mean sea level 









In the plain area, as the road is used by slow moving bullock carts and motor vehicles, gradient adopted 
should be such that it will not have adverse effect on bullock cart traffic. 

2.11.2. Grade compensation at curves : At horizontal curves, the gradients should be eased by an 
amount known as the 'Grade Compensation' which is intended to offset the requirement of extra tractive effort 
at curves. This may be calculated from the following formula: 

Grade compensation (per cent) = (30 + R) /R 

Subject to a maximum of 75//?, where R is radius of the curve in meters. 

Since grade compensation is not necessary for gradients flatter than 4 per cent, while compensation of 
the grady they need not be eased beyond 4 per cent. 
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2.11.3. Vertical curve : Vertical curves are introduced for smooth transition at grade changes. Both 
summit curves and valley curves should be designed as parabola. The length of the vertical curve is controlled 
by sight distance requirements, but curves with greater length are aesthetically better. Curves should be provided 
at all grade changes exceeding those given in Table 2.20. For satisfactory appearance, the minimum length 
should be as given in the Table 2.20. 



Table 2.20. Minimum Length of Vertical Curve 



Design Speed 


Maximum Grade Change 


Minimum Length of Vertical 


km/h 


(per cent) Not Requiring a 


Curve (meter) 




Vertical Curve 




Upto 35 


1.5 


15 


40 


1.2 


20 


50 


1.0 


• 30 



2.11.3.1. Summit curve :The length of summit curve is governed by the choice of sight distance 
according to the operating condition of the road. The required length may be calculated from the formulae 
given in Table 2.21. 

Table 2.21. Length of Summit Curve 



Case 

. f 


Length of Summit Curve 


For Stopping 
Sight Distance 


For Intermediate 
Sight Distance 


When the length of the curve 
exceed the required sight distance, 
i.e., L is greater than S 


NS : 

L ~ 

4.4 


4.4 

L-2S 

N 


When the length of the curve is 
less than the required sight 
distance, i.e., L is less than S 


NS : 
I 

9.6 


9.6 

I - 2S 

yv 



Where 

N = deviation angle, i.e., the algebraic difference between the two grades 
L = length of parabolic vertical curve in metres 
S 1 = sight distance requirement in metres 

2.11.3.2. Valley curve : The length of valley curves should be such that for night travel, the headlight 
beam distance is equal to the stopping sight distance. The length of curve may be calculated using formulae 
given in Table 2.22. 

Table 2.22. Length of Valley Curve 



Case 


Length of Valley Curve 


When the length of the curve exceed the 
required sight distance, i.e., L is greater than S 


NS : 

L - 

I.5+0.035S 


When the length of the curve is less than the 
required sight distance, i.e., L is less than S 


1.5 + 0.035S 

I - 2S 

N 



deviation angle, i.e., the algebraic difference between the two grades 
length of parabolic vertical curve in metres 
stopping sight distance in metres 



Where 

N = 
L = 
S = 
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2.12. Alignment Compatibility 

As a general rule, changes in horizontal and vertical alignment should be phased to coincide with each 
other, i.e., the vertical curve should roughly extend from the commencement to the end of the corresponding 
horizontal curve. Preferably, the horizontal curve should be somewhat longer than the vertical curve. Sharp horizontal 
curve should not be introduced at or near the top of the summit vertical curve or the lowest point of valley curve. 

2.13. Hair- Pin Bends 

A hair-pin bend may be designed as a circular curve with transition at each end. Alternatively, compound 
circular curves may be provided. The following design criteria should be followed normally for the design of 
hair pin bends : 

Minimum design speed 20 km/hr 

Minimum roadway width at apex 7.5 m 

Minimum radius for the inner curve 14.0 m 

Minimum length of transition curve 15.0 m 



The inner and outer edge of the roadway should be concentric with respect to centre line of the pavement. 
Where a number of hair-pin bends have to be introduced, a minimum intervening length of 60 m should be 
provided between the successive bends to enable the driver to negotiate the alignment smoothly. Widening of 
hair-pin bends at a later date is a difficult and costly process. Moreover, gradients tend to become sharper, as 
widening can be achieved generally only by cutting the hillside. These points should be kept in view at the 
planning stage, especially where a series of hair-pin bends is involved. At hair-pm bends, preferably the full 
roadway width should be provided with surfacing. 

2.14. Passing Places 

On hill roads passing places are required to facilitate crossing of vehicles. These should be provided at 
the rate of 2 to 3 per kilometre. The exact location should be judiciously decided on the basis of site conditions. 
The length of passing place should be about 20 to 30 m long with a carriageway width of 5.5 m. 

2.15. Later and Vertical Clearance 

2.15.1. Lateral clearance : It is desirable that the full roadway width at the approaches should be 
carried through the underpass. This implies that the minimum lateral clearance (i.e., the distance between the 
extreme edge of the carriageway and the face of the nearest support whether a solid abutment, pier or column) 
should be equal to the normal shoulder width. 

2.15.2. Vertical clearance : The minimum vertical clearance of 4.5 m should be ensured over the full 
width of the roadway at all underpasses, and similarly at overhanging cliffs. The vertical clearance should be measured 
in reference to the highest point of the carriageway, i.e., the crown or the superelevated edge of the carriageway as 
the case may be. Due allowance for any future raising/strengthening of the pavement should also be made. 

2.16. Traffic Engineering Requirements 

The rural roads are low volume (traffic) low speed roads with maximum design speed of 50 kmph. The 
geometric designs are detailed in this Chapter adequately fulfils the requirements of traffic that is likely to use 
rural roads. However, a few features need careful considerations to maintain safety and convenience of the 
vehicles using these roads. 



Gradient 



Maximum 
Minimum 
Superelevation 



1 in 40 (2.5 per cent ) 
1 in 200 (0.5 percent ) 
1 in 10 (10 per cent) 
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2.16.1. Intersection with other road : Arural road quite often meets or crosses anotherroad ofhigher 
category. In such situation the junction layout is required to be provided m such a way that the safety of the 
vehicles leaving the higher category of road and joining the rural road or those which join the higher category 
of road from the rural road is maintained adequately. As the higher category of the road will normally have 
wider right-of-way provision, the intersection is to be flared along the higher category of road as shown in the 
Fig. 2.5. The figure also shows that the rural road should not meet the other road at an angle other than 90°. 
Thus, wherever such condition prevails, effort should be made to realign the road near the junction and make it 
a right angled junction. 




Fig. 2.5. Intersection of Rural and Major Road 

2.16.2. Other traffic engineering features : The rural roads are designed and constructed as single 
lane road with sealed or unsealed surface depending on traffic' and other criteria. Thus, there is no requirement 
of pavement marking. Regarding the signs, the following requirements should be met. 

Stop Sign: When rural roads meet each other, the junction should be a stop sign controlled junction, and minor road of the two 
should be provided with stop signs. In case of rural road meeting any higher category of roads, the traffic joining the higher type 
road shall be controlled by a stop sign. 

Direction Sign: The rural road shall have all the necessary direction signs as per the requirement of road signages recommended 
by IRC. 

Kilometre Stone: The rural road shall have kilometre stone of standard size as given by IRC with top rounded portion painted 
in orange colour. 
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CHAPTER 3 
CLIMATE AND ENVIRONMENT 



3.1. 



Introduction 



There is great variation in climatic conditions throughout the country. Therefore, proper selection of 
various road materials such as soil, aggregate, cement and bitumen is required for different types of pavement. 
Thus, role of climate is significant in determining various types of materials to be used in construction. The 
different elements of climate are temperature, precipitation and air humidity. Therefore, materials to be selected 
for rural road construction need careful consideration in relation to climatic conditions. 



3.2. 



Rainfall and Temperature Variation 



The major elements which affect or modify specifications of materials are rainfall and temperature 
variation. The temperature and rain fall data as recorded by Indian Meteorological Department (IMD). Kolkata 
(1996) are shown in Fig. 3.1. The data depicted in the figure has been grouped in the following ranges of 
temperature and rainfall as shown in Table 3.1. 



Table 3.1. Temperature and Rainfall Groups 



Mean Annual 
Rainfall (mm ) 



0-100 
100-200 
200-400 
400-800 
800- 1000 
1000-2000 
2000-4000 
more than 4000 



Temperature Zone 



Mean Annual 

Ambient Temperature (°C) 



Pattern Shown in 
Fig. 3.1 



Less than 20 

20-22.5 
22.5-25 
25-27.5 
more than 27.5 



Rainfall and temperature data of 70 stations are shown in Table 3.2. Data on temperature and rainfall 
have been classified under different climatic conditions as follows. 

(a) Tropical Rainy 

(b) Tropical Humid 

(c) Tropical Wet & Dry 

(d) Arid and Semi-Arid 

(e) Sub-Tropical Temperate 
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Table 3.2. Mean and Extreme Temperature and Rainfall Under Different Climatic Conditions 



Climatic 


Stations in 


Ambient Temperature (°C) 


Annual Rainfall (mm) 


Division 


Climatic 
Divisions 


Mean 


Extreme 
(in the year) 


Mean 


Extreme 
(in the year) 






Maximum 


Minimum 


Highest 


Lowest 


Total 


Highest 


Lowest 


1 


2 


3 


4 


5 


6 


7 


8 


9 




Aizawl 


23.9 


16.3 


33.3 
1938 


3.9 
1934 


2263.8 


2846.1 
1946 


1588.1 
1950 




Darbhanga 


30.8 


19.7 


43.9 
1922 


1.1 
1905 
1933 


1257.5 


1942.1 
1948 


799.9 
1930 




Darjeeling 


16.4 


10.2 


26.7 
1900 


-5.0 
1905 


2758.4 


4024.4 
1890 


2277.3 
1907 


Tropical 
Rainy 


Dibrugarh 


27.7 


18.7 


38.9 
1905 


4.4 
1905 


2759.4 


3300.2 
1954 


2165 
1905 




Guwahati 


29.5 


19.7 


41.1 
I960 


5.0 
1920 


1637.2 


2121.1 
1956 


874.0 
1952 




Gorakhpur 


31.4 


20.0 


48.3 
1958 


1.7 
1933 


1247.4 


2455.2 
1956 


649.7 
1907 




Jalpaiguri 


29.8 


19.3 


40.0 
1932 


2.2 
1905 


3352.7 


4292.3 
1938 


1719.6 
1891 




Allahabad 


32.4 


19.8 


47.8 
1901 


1.1 
1908 


1027.3 


1935.5 
1894 


516.1 
1896 




Baleshwar 


31.5 


22.0 


46.7 
1895 


6.7 
1905 


1688.6 


2957.1 
1956 


1076.9 
1957 




Berhampore 


31.9 


20.8 


46.1 
1916 


3.9 
1933 


1388.9 


2136.9 
1917 


774.9 
1934 


Tropical 
Humid 


Mumbai 


31.0 


23.6 


40.6 
1955 


11.7 
1929 


2099.2 


3481.6 
1954 


848.6 
1904 




Kolkata 


31.8 


22.1 


43.9 
1924 


6.7 
1899 


1581.8 


2501.4 
1893 


909.1 
1933 




Gaya 


32.3 


20.1 


47.2 
1931 


3.3 
1955 


1096.9 


1892.8 
1913 


588.0 
1908 




Jagdalpur 


31.2 


18.9 


46.1 
1912 


2.8 
1946 


1534.1 


2305.2 
1929 


881.6 
1923 




Kataka 


32.9 


22.5 


47.7 
1948 


7.8 
1923 


1557.2 


2363.8 
1956 


884.6 
1957 




Kodaikanal 


17.9 


10.6 


27.8 
1923 


2.8 
1950 


1672.1 


2354.6 
1925 


1184.1 
1904 




Mangalore 


30.5 


23.7 


37.8 
1920 


16.7 
191 1, 1950 


3467.6 


4703.1 
1946 


2269.1 
1899 
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Table 3.2. (Contd.) 



1 2 3 


4 


5 


6 


7 


8 


9 


Tropical 
Humid 


Mormugao 


29.5 


23.7 


37.2 
1943 


12.2 
1946 


261 1.7 


3500.4 
. 1955 


1843.5 
1935 


Pun 


^0 ft 


24.1 


42.2 
1943 


10.6 
1893,1895 


1438.7 


1984.0 
1993 


599.0 
1957 


Raipur 


32.6 


21.2 


47.2 
1935 


3.9 
1902 


1388.2 


2181.4 
1884 


688.4 
1899 


Ranch i 


29.5 


18.0 


43.3 
1948 


2.8 
1950 


1462.7 


2106.4 
1923 


978.7 
1935 


Sambalpur 


32.9 


20.8 


47.2 


4.4 

1 on? 1 Q^A 


1661.5 


2309.8 

i jjLy 


934.7 

1 01 s 
i y i j 


Thiruvan- 
anthapuram 


30.7 


23.5 


36.2 
1959 


168.9 
1944, 
46, 50 


1639.3 


3035.6 
1933 


1029.2 
1894 


Varanasi 


32.2 


1 O 8 
ly.o 


47 7 

1902, 1984 


1 7 
1905 


1 1 13.4 


2108.5 
1948 


445.8 
1957 


Tropical 
Wet& 

Dry 


Bangalore 


28.8 


18.4 


38.9 
1931 


7.8 
1884 


923.7 


1 1 A O C 

1 34o.5 
1916 


C A A 1 

544.3 
1913 


Bareilly 


31.5 


1 8 O 

1 o.y 


Afi 7 

1884 


0 

1905 


J UUO.J 


1 974 4 

1 y I t "t.'~r 

1960 


492 0 
1918 


Bhopal 


3 


18.5 


45.6 
1947 


0.6 
1935 


1208.9 


1 779.5 
1944 


508.8 


Coimbatore 


31.1 


21.7 


40.0 
1906 


11.6 
1912 


612.2 


1059.2 
1924 


325.6 
1938 


Jabalpur 


32.1 


18.3 


46.7 
1954 


0 

1905 


1447.5 


2407.2 
1884 


774.4 
1920 


Lucknow 


32.3 


19.4 


48.3 
1901 


1.1 
1946 


992.4 


1866.7 
1915 


424.2 
1907 


Madras 


32.9 


24.3 


45.0 
1910 


13.9 
1885. 1904 


1215.5 


2134.9 
1943 


522.2 
1904 


Masulipa- 
ttanam 


31.7 


Z4.U 


/I7 8 
4 /.0 

1924 


1 D.y 

1945 




1 /OJ.U 

1917 


<,A 1 8 
Jt 1 . o 

1897 


Nagpur 


33.5 


20.3 


47.8 


3.9 


1 127.3 


1913.4 
1933 


346.7 
1899 


Pune 


32.0 


18.2 


43.3 
1889, 1897 


1.7 
1935 


714.7 


1242.3 
1892 


268.5 
1918 


Tiruchhira- 
palli 


33.7 


1 A A 

24.0 


Aid 

43.9 
1888 


1 1 o 

1884 


CAT fi, 
OO /.0 


1 lHA 1 
1 3Z4. 1 

1939 


511.0 
1914 


Arid and 
Semi-Aric 


Ahmedabad 


34.2 


20.5 


47.8 
1916 


2.2 
1920 


823.1 


1997.5 
1927 


199.9 
1899 


Ajmer 


31.2 


18.3 


45.6 
1901 


-2.8 
1935 


557.9 


1227.0 
1917 


149.3 
1918 


Amritsar 


30.5 


15.9 


46.7 
1953 


-2.8 
1950 


649.1 


1013.5 
1908 


257.8 
1922 


Barmer 


34.0 


22.2 


48.9 
1932 


-1.17 
1935 


310.3 


895.3 
1944 


128.5 
1938 
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Table 3.2. (Contd.) 



1 


2 


3 


4 


5 


6 


7 


8 


9 




Bikaner 


33.6 


18.2 


49.4 
1014 


-2.8 
1 950 


304.7 


707.9 
1917 


29.0 
1 899 




Delhi 


31.7 


18.8 


47.2 

1 QAA 
1 yft 


-0.6 
i j j j 


714.2 


1533.1 


262.9 

1 0^0 

1 y Z. J 




Hisar 


31.3 


17.5 


47.8 


-2.8 
1929 


1053.4 


1743.2 
1959 


4000.1 
1899 


And and 
Semi-Arid 


Jaisalmer 


34.0 


19.0 


47.8 
1932 


-7.8 
-4.4 


217.0 


453.6 
1955 


104.2 
1960 




Jaipur 


31.7 


18.4 


48.9 
1932 


-2.2 
1905 


648.1 


1403.9 
1892 


120.6 
1905 




Jodhpur 


33.6 


19.8 


48.9 
1932 


-2.2 
1905 


380.0 


176.5 
1917 


24.4 
1 899 




Rajkot 


33.9 


19.6 


47.8 
1919 


-0.6 
1935 


673.8 


2050.3 
1959 


154.2 
1939 




Veraval 


30.6 


21.4 


44.2 
1959 


4.4 
1893, 
1905 


702.4 


1327.2 
1954 


69.0 
1905 




Dehradun 


27.8 


15.8 


43.9 
1902 


-1.1 
1905, 
1 04S 


2313.7 


31 18.9 
1884 


1 152.4 
1907 


Sub-Tropical 


Jammu 


30.0 


18.7 


47.2 
1 0S1 


0.6 
i 04<; 

-28.3 


1 148.3 


1964.7 

1 048 


646.4 

1 040 


Temperate 










1899 










Leh 


12.4 


-1.4 


33.9 
1882 


-28.3 
1899 


1 15.0 


231 1 
1984 


25.4 
1889 




Shimla 


17.1 


10.1 


30.6 
1932 


-10.6 
1945 


1480.6 


2786.6 
1894 


992.6 
1931 




Srinagar 


19.5 


-7.2 


38.3 
1946 


-20.0 
1895 


664.0 


1291.6 
1894 


394.5 
1 934 



(Source: Land Resource Atlas of India, National Atlas & Thematic Mapping Organisation, Ministry of Science and Technology, 

GO!, Kolkata, 1996) 

3.3. Climatic Aspects 



The material, mix proportion and techniques of construction should be such so as to maintain the integrity 
of the road structure. Oxygen, carbon dioxide, chloride, sulphate and other potentially dangerous substances 
which are entering directly or through ram water/ground water and changing the properties of bitumen, cement, 
aggregate etc. can harm the pavement and also deteriorate the pavement in its service life. In view of this, due 
consideration of climate in selection of materials as well as specific design assumes its importance. 

The climatic conditions with their variability in different States are given below: 

(i) Andaman & Nicobar: Andaman & Nicobar has hot and moist weather with heavy rainfall (Greater than 1 000 mm/year). 

(li) Andhra Pradesh: Andhra Pradesh has hot and fairly moist weather with moderate rainfall (500-1000 mm/year). 

(in) Bihar and Jharkhand: Climate is extreme, hot and dry in summer and cold and dry in winter. Bihar and Jharkhand 
receive fair to moderate rainfall. 
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Fig. 3.1 Climate Map of India 
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( iv) Gujarat Gujara. has moderate to ho, c.itnate. Saurashtra and Ku.ch region are dry. Res, of the State recetves good 

M H^'na and Delhi: Climate of Haryana and Deih, are almost same Variation in climate is very much with modera.e 
( V) ,o hTavy ra nfaU. Wtnter is very cold and summer is very hot . Rainfall ,s moderate to heavy. 
(v „ Hilacha, Pradesh: Climate is moderate to very cold ,n wtnter season hut summer is dry and moderate to ho,. Ratnfal, 

(vli) r^:«r: Chma.e is moderate ,„ very cold in wtnter season hut summer is dry and moderate to ho, 

(™ SraU: Chmate of Kera,a is ho, and hnmtd throughout the year as ,. is ,oca,ed near the e<,ua,or. Due ,o „s mos, ly 
coastal area, rainfall is heavy. 
Madhya Pradesh and Chha 

fairly heavy rainfall. There is high temperature in summer and fairly cold in winter, 
(ri) Maharashtra: Climate-is generally mild, temperature variation is qmte large in some parts but it is humid. Rainfall ,s 
moderate to heavy. 

,x,i) Orissa: Orissa has hot and mots, climate with average to h,gh rainfall. Towards the west, chmate has extreme 
conditions. f u 

(xiii) Punjab Climate is normally dry, wtn.ers are very cold and summers are very hot. South west par. gets scanty ratnfall, 
and at other places of the State rainfall is moderate to heavy. 

(xiv) Rajasthan: Climate is extreme, hot and dry in summer and cold and dry in winter. The south and eastern part receive 
fair rainfall. , 

(xv) Uttar Pradesh: Climate is extreme hot and dry in summer. Cold and dry in winter. U.P. rece.ves fair to moderate 

rainfall. ... , 

(xvil Uttaranchal- Some parts of U.taranchal have plain area and some parts have hills. Therefore, climatic conditions have 
' great — s Chma.e is extreme, ho, and dry in summer and cold and dry in wimer. Uttaranchal recetves modera.e 

to heavy rainfall. 

(xv„) Tamil Nadu: Tamil Nadu is fairly wet all the year round. Chmate is hot and hum.d throughout the year as it is located 
near the equator. 

(xv,.,) West Bengal: Most parts of West Bengal has hot and hum,d climate. Rainfall is heavy over north east part of the State. 
3.4. Environmental Issues 

Construction of road is often coupled with environmental degradation. It is not only important but also 
essential at planning stage itself to consider environmental impact of the proposed road works. In the case o 
major works on existing roads, the impact of these works on the surroundings should be studied and attempt 
should be made to enhance the environmental quality. The purpose of this section is to assist the projec 
authorities in respect of planning and carrying out the environmental assessment and management for rural 
road projects, for road projects costing Rs.50 crores or more proper environmental impact assessment (EIA) is 
essential as per Ministry of Environment and Forest Guidelines. The guidelines shall be applicable to new 
projects as well as projects involving significant changes in the existing facilities. 

3 4 1 Environmental assessment : The procedure is for bringing out the potential effect of human 
activities on environmental systems It identifies the possible positive and negative impacts to the environment 
resulting from a proposed road project. For identification of impacts, it is useful to draw up a list of parameters 
relevant to the project under consideration. The probable impact of the selected alternative on the environment 
should be identified and measures may be proposed for mitigating the adverse impacts^ The physical and 
environmental features of the alternatives for a proposed project should be brought out. The information may 
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be generated for following parameters. 



(1) 


Length of the road 


(11) 


Width of the road 


(.11) 


Terrain (plain/ rolling/hilly) 


(IV) 


Land width proposed (m) 


(v) 


Category of land proposed to be acquired (hectare) 


(VI) 


Displacement of households (Nos.) 


(vii) 


Cut sections 


(viii) 


Fill sections 


(IX) 


Vegetation 


(x) 


Flood hazard (encroachment on flood plain) 


(XI) 


Erosion potential 


(xii) 


Landslide potential 


(xiii) 


Stretch in geologically unstable area 


(xiv) 


Drainage and adverse impact on water flow 


(XV) 


Number of major river crossings (exceeding 1 5 m) 


(XVI) 


Number of road intersections 


(xvii) 


Number of railway crossings 



(xviii) Schools, colleges, hospitals falling enroute 

(xix) Wayside amenities, i.e., bus shelter. 

3.4.2. Environment management plan : A plan for mitigation, protection and/or enhancement 
measures based on identified environmental impacts to be developed. It is intended that the implementation 
status of protection measures, will be evaluated for incorporation in design phase of the project itself. The 
management of environment may cover all possible adverse affects. 

Hydrology : Road projects that cross waterways can have significant impact on both surface water and ground water hydrology. 
For example, without provision of adequate drainage, a road can act as a dyke and possibly lead to increased flood water level. 

Surface Water Quality : Water quality can be affected during construction and operation of roadway. Pollution can also occur 
during roadway operation through accidents or spill of transported materials. 

Air Quality : There are two main sources of emission during construction i.e. mobile and fixed sources. For rural road project, 
the air pollution impact may not be appreciable except that the suspended dust particulate may be more at the time of passing of 
vehicular traffic. The aspect is required to be evaluated and measures to control dust pollution may be implemented. 

Aesthetic Considerations : The align should be selected to have a pleasing blend with the natural terrain. In the rural areas 
where speeds are low, it is more a question of having an aesthetically pleasing alignment fitted gracefully into the surroundings. 
Proper landscaping with plantation shall be taken up to maintain the environment. 

Soils : The area from where soil is excavated for construction of embankment, becomes pond with stagnated water for long 
periods. Inadequate protection of cut and fill areas and poor drainage from roads may lead to serious erosion problem, thereby, 
damaging the road and degradation of water. The following steps are, therefore, required: 

(i) Describe the type and origin of soil material to be used in cut and fill operations and estimate the amount of soil 
involved. 

(ii) Discuss the amount of erosion expected, impacts of erosion on resource values and erosion control methods during 
and after construction. 

Noise: The noise assessments may not be required for a rural road project as the number of anticipated vehicles is generally low 
and the area is generally wide open. 
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Socio-economic: Road projects can provide beneficial impacts through increased access, which in turn can lead to proliferation 
of related developmental activities and employment generation. The quality of life value, public health and other related aspects 
may be evaluated. 

The degree of impact of road construction on the different environmental aspects vary depending on 
factors such as the types of area, the terrain (plain, rolling or hilly), and the land use pattern of the area. For 
example, road construction in the hills is associated with problems like landslides, soil erosion, etc. which are 
of serious environmental consequences. Where a road has to pass through forest land, obtaining necessary 
clearance from the Department of Forests and Wildlife is important. Thus, depending on the situation, the 
aspects requiring detailed study should be identified and the investigations organized accordingly. 

3.4.3. Road construction in hilly areas : Construction of a road in the hills is a human necessity for 
providing the basic communication facility, but this activity invariably disturbs the natural setting and creates 
conditions conducive to large-scale landslides in the first few years of construction. Even dense forests are not 
immune to this problem. With the removal of vegetative cover, destructive action of water gets further 
pronounced and accelerates the process of soil erosion and formation of deep gullies. Consequently the hill 
faces are bared of soil and vegetative cover and enormous quantities of soil and rock move down the rivers, and 
in some cases the road itself is washed out. 

While the adverse effects of hill road construction on the environmental/ecological system cannot be 
eliminated altogether, counter measures must be taken by the road construction agencies to bring down the 
adverse effects to the barest minimum possible. This calls for careful attention right from the stage of conception 
of the road to surveys and investigations, alignment selection and project formulation, construction, and 
subsequent maintenance. To ensure that best results are achieved and expensive maintenance is avoided, measures 
taken should not be considered in isolation but built into the road project itself as an integral part with all 
necessary provisions for the purpose. 

3.5. Erosion Control 

There are numerous instances where many embankment slopes made up of different types of soils suffered 
a high degree of damage due to erosion from rain and wind. Denudation of vegetation from soil slopes or the 
lack of vegetation cover on embankment slopes is often responsible for the formation of rills and ram-cuts, 
eventually leading to a surficial slide or even to undermining of the edges of the road pavement structure. 
When vegetation is established on slopes, there becomes available an effective dense network of root system, 
penetrating to a depth of about 0.5 to 0.75 m into the slope, which serves to anchor down the soil mantle and 
render resistance to erosion. There are a number of techniques to prevent erosion of slopes and are discussed 
below. 

3.5.1. Simple vegetative turfing : This is most economical method of providing vegetation on 
embankment slopes which generally support the growth of vegetation. The method consist of preparing a slope 
area into seed beds by grading it to the extent possible and then broadcasting seeds or planting root slips of the 
promising types of locally available plants. One recommended variation of this technique is that instead of 
treating the whole of the slope in poor soils, plantation could be encouraged by putting in seedling in isolated 
pockets of specially enriched soil. 

There are limits to the successful application of this method. The method is apt to fail in the following 
situations: 

(i) On very erodible slopes where seeding or sprigging is liable to be washed before they have had time to take root. 

(ii) When work is done immediately preceeding or during very heavy downpour. 
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(iii) In places where no artificial supply of water is available for promoting growth of vegetation or where adequate supply of 
moisture to the slopes by light rain or drizzle is not available outside of the monsoon season. 

Only under these circumstances, it is advisable to go m for a special technique, such as, the ones 
recommended in the succeeding paras of this Chapter. 

3.5.2. Transplantation of ready made turfs of grass : It is also possible to provide vegetative 
turfing by 'sodding' which involves the bodily transplantation of blocks of turfs of grass (with some 5-8 cm of 
soil covering the grass roots) from the original site to the side slopes of the embankment to be treated. If found 
necessary, pegs or nails could be used to hold down the grass sods in the initial stage. 

3.5.3. Straw with cowdung or wood shavings or sawdust as mulch : In case of embankments 
which are less than 3 m high, where the severity of the erosion problem is not of a high order, the use of straw 
mixed with cowdung, or wood shavings or sawdust mixed with cowdung is recommended as a mulch. The 
approximate thickness of wood shavings or sawdust cover should be 25 mm. The organic mulch covering the 
soil slopes can be held in place and made resistant to being washed downhill or blown away by pegging them 
down with bamboos, at suitable intervals, on a grid pattern and also laying bamboos horizontally connecting 
the pegs and thus forming the grids. 

3.6. Special Techniques 

3.6.1. Asphalt mulch technique : The slope proposed to be treated should be demarcated and 
fenced by local prickly bushes or by barbed wire. The slopes should be then prepared into vast seedbeds by 
rounding off the tops, regarding or reshaping the slope and by finally raking the topsoil to about 5 cm thickness. 
If the slopes are entirely raw and infertile, and if the soil happens to be slightly acidic, calcium ammonium 
nitrate should be applied at the rate of 50 kg per 500 sq. metres. The root slips of the most promising types of 
locally available grasses should then be dibbled, 15 to 25 cm apart, root to root and row to row. The asphaltic 
film gradually disintegrates, its place being gradually taken up by a carpet of green vegetation, penetrating 
through the asphaltic film. The carpet of grass that supplants the asphaltic film acts as an immediate cover for 
the slope till the more deep-rooted species of shrubs and trees develop and take root. After planting of grass 
roots, etc., these should be watered. An asphalt emulsion (Mulch) is then sprayed by a suitable sprayer. The 
optimum rate of application of the emulsion shall be 0.7- 1 .0 kg. per sq.m. By and large, on the basis of requirement 
of this technique, it would be preferable to use a medium to slow breaking emulsion. If required water may be 
added to the bituminous emulsion to give a 50:50 composition of binder and water. The thickness of the 
emulsion coating should be optimum because thicker applications would tend to retard the growth of plants and 
seeds, whereas application thinner than optimum would not be effective in controlling erosion. The advantages 
resulting from the application of the asphalt emulsion are:~(i) susceptibility to erosion is cut down, (n) the 
moisture content as well as the nutrients in the soil mantle are conserved and (iii) the soil temperature is raised 
by absorbing the light rays, promoting the emergence of tiny saplings. 

The method proves particularly successful if it is so timed that advantage is taken of the increased 
moisture content in the soil resulting from the first couple of monsoon showers. However, neither a continuous 
heavy downpour nor a long spell of dry weather occurring immediately after the completed treatment is desirable 
since in such an eventuality the process will perhaps have to be repeated partially or fully. 

3.6.2. Vegetative turfing using jute/coir netting : It has been found that if a heavy mesh of jute/coir 
fabric is firmly laid on loose earth and sown upon with suitable grass seeds, it gives maximum protection to the 
soil until the grass takes root and furnishes a permanent coverage. After the soil is thus stabilised, the netting 
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decomposes and provides nourishment to the grass growing on a soil medium, which hardly possesses any 
nutrient. The netting can have 2.5 to 5 cm square openings between the threads, giving the grass plenty of room 
to grow and at the same time providing a large number of check dams per unit area of the material. The netting 
is just rolled out on the areas to be treated and is properly secured over the ground where a concentrated flow of 
water is liable to occur, and where there is danger of under cutting of the soil. The netting is firmly secured on 
to the sloping surface by means of special staples at specified intervals. Control of erosion is effected immediately 
after the netting is laid. One half of the normal amount of seeding is broadcast prior to the placement of the 
netting and the other half is broadcast after the netting is in place. 

3.6.3. Slope in cohesionless sands :Tn a purely granular material, it is rather difficult to establish 
vegetation. Even if it were possible, the sand drains in between the network of root-system are most susceptible 
of being piped out or washed out, since the distant roots can hardly afford resistance to the movement of 
individual grains at the surface. Once the movement starts, it can become progressively unconfined and is 
most liable to 'flow 1 . The remedial treatment is thereby to provide 0.25 m to 0.3 m thick layer of clayey soil 
(but not heavy clays) as a blanket covering to the slope of the embankment, tamp it well on the slope and 
subsequently provide the simple vegetative treatment. If the circumstances are unfavourable for the ordinary 
method, one may resort to the use of special techniques such as those described above. 

3.6.4. Slopes in black cotton soils : Invariably there does not appear to be any need for any special 
treatment against erosion on black cotton soil slopes since most black cotton soil slopes are seen to promote 
natural growth of grass and other types of vegetation. The mam problem seems to be the formation of shrinkage 
cracks. Therefore, it is recommended that these slopes may be managed with the simple method of providing 
vegetative turfing if the natural growth of grass happens to be inadequate. In case the soil does not support 
vegetation directly, a blanket soil, 0.3 metres thick of clayey soil (but not heavy clays) should be provided to 
support the vegetative turfing. 
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CHAPTER 4 
ROAD MATERIALS 

4.1. Introduction 

The most important pavement materials are soils, mineral aggregates, bituminous binders, and stabilisers 
like lime, cement, water etc. Mineral aggregates constitute bulk of total volume of road construction materials 
used. All roads have to be founded on soil and are required to make optimum use of the locally available 
materials, if it is to be constructed economically. Materials used in the structural layers of the pavement should 
be selected based on availability, economy and previous experience. This aspect must be considered at the 
design stage so that the materials can be selected which are the most economical and best suited to the prevailing 
conditions. 

This chapter covers soil and material survey for proper identification of materials, details about soil and 
granular materials including marginal materials which can be used for road construction purposes, their 
availability in different parts of the country and their important physical characteristics to assess suitability as 
road construction material in different pavement layers. In addition, information has also been provided about 
bitumen and cement, their characteristics and suitability for use in bituminous and cement bound bases and 
surfacing layer. 

4.2. Soil and Material Surveys 

After selection of the final centre line of the road, investigations for soil and other materials required for 
construction are carried out in respect of the likely sources and the availability and suitability of materials. 
Some other investigations, for example, in respect of landslide prone locations may also be conducted at this 
stage. In particular, soil and material surveys are required for various reasons as follows. 

(i) To determine the nature and physical characteristics of soil and soil profile for design of embankment and pavement 

(ii) To determine the proper method(s) of handling soils 

(iii) To classify the earthwork involved into various categories such as rock excavation, earthwork in hard soil, etc. 

(iv) To gather information regarding subsoil water level and flooding 

(v) To locate sources for pavement construction materials and to ascertain their availability and suitability for use in the 
different pavement courses. 

The soil and material location surveys should start from study of all available information such as 
-geological maps, data published by the various authorities regarding location of construction materials and the 
information available with ground water authorities regarding depth of water table. Soil maps prepared by the 
local agricultural department and records of existing highways may also provide useful information. A study 
of these data, if available, will be of great help m planning and conducting surveys and investigations. This 
information should be studied in conjunction with general information gathered during the preliminary survey. 
IRC:SP: 19 for survey, investigation and preparation of highway project may be referred for further details. 

After studying the available information, detailed programme of survey can be drawn up. A comprehensive 
district-wise report on survey of locally available materials had been prepared by various State PWDs under 
Research Scheme R- 1 "Survey and Evaluation of Locally Available Materials" sponsored by Ministry of Road 
Transport and Highways, Govt of India. These reports should be referred, while selecting pavement materials. 

The field work consists essentially in identifying different types of subgrade soils encountered along the 
alignment and the various other locally available materials, like, moorum, gravel, soft aggregate, etc., that can 
be usefully incorporated in road construction. In regard to subgrade soils, representative samples should be 
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collected wherever there is a visible change in soil type. In case the same soil type continues, at least two 
representative samples from each kilometre length of road alignment should be collected. Since sampling is 
considered as important as testing, it is not only desirable but absolutely necessary to make sure that the 
samples collected are truly representative of the materials to be evaluated. A certain amount of training and 
engineering judgement is necessary to be able to carry out the sampling process effectively. The needed quantities 
of soil samples to be collected will depend upon the types of tests to be conducted and will vary from -about 
2 kg to 20 kg. For visual classification, gradation and simple plasticity tests, a small quantity (2-5 kg) will 
generally be enough while for detailed strength tests like the CBR, etc., as much as 20 kg will be required. 

For manufactured items like lime, cement, bitumen, information about their sources of supply and the 
distance of the nearest rail/road station from the location of works should be gathered during the survey. The 
information should also be collected about the availability of water suitable for road construction works. Where 
the use of brick aggregates is envisaged, a survey should be made to identify the location and average lead from 
the work site of existing kilns capable of supplying overburnt bricks/ brickbats. 

4.2.1. Soil investigations for low embankment : The first operation in the detailed soil survey is to 
demarcate the possible borrow areas along or off the road alignments. The extent of borrow areas should 
commensurate with the volume of work involved in the embankment. Test pits 0.5 to 1 .0 metre square should 
be dug in the borrow areas from where the embankment material is to be obtained. For borrow-pits along the 
road land, the test pits should be at intervals of 200 m but the intervals may be varied depending on the 
uniformity or variability of the soil. When embankment material is to be obtained from off-road locations, 
adequate number of samples should be taken from each such area. The depth of test pits should not exceed the 
likely depth of the borrow-pits by more than 15 cm where the type of material varies in a single pit, the tests 
should be conducted on each type of soil separately and the location of soil types should be noted. 

The general character of material excavated from the test pits should be recorded and tests conducted on 
it in the laboratory for properties as mentioned below: 

(i) Gradation test based on wet sieve analysis test [IS:2720 (Part 4)-] 985] 

(ii) Liquid limit and Plastic limit [IS:2720 (Part 5)- 1 985] 

(iii) Standard Proctor density and optimum moisture content [IS:2720 (Part 7)- 1980 

(iv) Deleterious constituents (only in salt infested areas, where presence of salt is suspected) [IS:2720 (Part 27)- 1 977] 

In case of highly plastic, poorly draining and unstable soils, some additional soil tests (e.g. consolidation 
test, shear strength test) may also be performed. The results of the laboratory investigations should be summarised 
in a convenient form, for which a format is suggested in Format 4.1. Usually the information should be 
enclosed in full with the project report. Based on results of the tests, sand content and classification of the soil 
should also be determined. The final selection of the borrow areas whether for the body of the embankment or 
the subgrade can then be made in accordance with the norms recommended in Section 4.4. Great caution 
should be exercised to ensure and mark, as far as possible, homogeneous soils only for this purpose. 
Heterogeneous or variable soils should be avoided. In making the selection it should be ensured that the best 
available homogeneous soil is reserved for use in the subgrade (i.e. top 300 mm portion of the embankment). 
After completing the analysis of the results, borrow area details should be prepared as shown in Format 4.2. 
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4.2.2. Special investigations for high embankment : The basic objective of investigations in such 
cases is to obtain engineering data for soil and rock that are necessary for a quantitative design of embankment 
at the chosen sites. The details of investigations depend upon the requirements of design. Generally for 
checking stability against slip failures, the basic properties to be investigated are shear parameters, unit weight 
and moisture conditions. For safety against excessive settlement, consolidation properties are important. For 
investigation of such cases, services of specialists will often be needed. Reference may also be made to IRC:75 
"Guidelines for the Design of High Embankments", m case height of embankment exceeds 3 m. IRC:SP:58 on 
"Guidelines for Use of Fly Ash in Road Embankments" may be referred, if fly ash is used in making 
embankments. 

4.2.3. Soil investigations for cut sections : In the same manner as described for embankment material, 
for soil in cut sections along the centre line of the proposed road at an elevation corresponding to the design 
subgrade level should be tested for the following general properties: 

(i) Gradation test based on wet sieve analysis test [IS:2720 (Part 4)- 1985] 

(ii) Atterberg limits [IS:2720 (Part 5)- 1985] 

(iii) Standard Proctor density and optimum moisture content [IS: 2720 (Part 7)- 1 980] 

(iv) Field density and moisture content [IS:2720 (Part 28)- 1974] 

In the case of rock cuts where necessary, trial pits or boreholes should be carried out at the foundation 
level to make realistic estimates of the type of cutting involved. The interval of trial bores may be 30-50 metres' 
or as otherwise decided by the Engmeer-in-Charge depending on specific requirements. Information collected 
during preliminary survey would normally identify the landslide prone areas along the alignment and every 
effort should be made to avoid such areas while fixing the alignment of the road. However, in cases where it is 
not feasible, further investigations would be required to study the extent of the problem and plan appropriate 
remedial measures. For this purpose, services of a geologist or soil specialist may often be needed. 

4.2.4. Soil investigations for subgrade : For new roads, the soil data already collected in earlier 
phases of the survey should be studied in detail for ascertaining the variability/homogeneity of the soil profile, 
and plan further investigations. Where pavement design relates to strengthening of an existing road, the road 
should be divided into more or less similar sections on the basis of actual testing. 

For pavement design, apart from the general soil tests referred to earlier, CBR test should be conducted 
for soaked condition unless the annual rainfall is less than 500 mm and subgrade is of well drained material. 
Frequency of CBR tests should normally be such that roughly one set of results (each consisting of three 
samples are available for every one half to one-kilometre section of the road). The interval could, however, be 
increased or decreased depending on the discretion of the Engineer-in-Charge. Overall objective should be to 
get strength results for all radical changes in soil type or each demarcated section of similar performance. A suggested 
format for presenting soil investigation data pertinent to flexible pavement design is given in Format 4.3. 

4.2.5. Survey for marginal materials and aggregates : The locally available materials that' can be 
used in embankment, subgrade and pavement construction should be thoroughly and judiciously explored. In 
this class of materials various types of soils are encountered; sands from streams/river beds and other sources; 
moorums which may even be available at shallow depths below the ground level or from other quarries; gravels, 
soft aggregate, like, laterite, kankar, dhandla, river sand-gravel mixes, etc. While locations of PWD/Zilla Panshad 
approved quarries for locally available materials, like the ones listed above, may not be available but local 
enquiries from villagers can help a great deal in this regard. Special care has to be exercised in collection of 
samples of these locally available materials since these are generally quite variable in their engineering properties. 
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Experiences show that the locally available moorums and gravels from the same source can give widely different 
strength values. This, naturally has significant implication in the design, construction and performance of 
roads. The site quality control of materials can be exercised meaningfully only if sampling and testing of these 
locally available materials has been carefully done and design values arrived at judiciously based on the laboratory 
strength values. Besides the variable quality of materials, another important factor is that of the quantities 
available from each source which should be carefully estimated and invariably noted down during field surveys. 

The tests to be conducted and format for presenting the test results are shown in Formats 4.4 and 4.5 
Format 4.4 is for aggregates while Format 4.5 is for naturally occurring materials like moorum, gravel and soil 
gravel/moorum mixtures. For every quarry source, at least three specimens should be tested for each type of 
material met with. Sample for the tests should be representative and collected in accordance with the procedure 
set forth in IS:2430-1986. Quarry charts showing the location of quarries and the average lead of materials 
should also be prepared. 

4.3. Soil and Marginal Materials 

4.3.1. General : Subgrade soil is an integral part of the road pavement structure as it provides support 
to the pavement as its foundation. The mam function of the subgrade is to give adequate support to the pavement 
and for this the subgrade should possess sufficient stability under adverse climatic and loading conditions. The 
formation of waves, corrugations, rutting and shoving in black top pavements are generally attributed to poor 
subgrade conditions. When soil is used in embankment construction, in addition to stability, incompressibility 
is also important as differential settlement may cause failure. Soil is used in its natural form (gravel and sand) 
or in a processed form (stabilised layer) for pavement construction. Soil is also used as a binder in water-bound 
macadam layers. Soil is, therefore, considered as one of the most basic highway materials. The foundation of 
other cross-drainage structures (culverts, bridges and retaining walls) rests on soils and their stability depends 
on the soil 'strength. Knowledge of soil properties is necessary to select the embankment material, pavement 
structure, drainage system and foundation of structures. When a high embankment rests on soft ground, its 
stability can be predicted by studying the properties of soil. Frost action, common in high altitudes, can be 
taken care of if the soil properties are well known. Soil consists mainly of mineral matter formed by the 
disintegration of rocks, by the action of water, frost, temperature, pressure or by plant or animal life. Based on 
the individual gram size of soil particles, soils have been classified as gravel, sand, silt and clay. The BIS gives 
the following limits of particle size: 



Gravel 


80-4.75 mm 


Sand 

Coarse 

Medium 

Fine 


4.75 -2.00 mm 
2.00 - 0.475 mm 
0.475 - 0.075 mm 


Silt 


0.075 - 0.002 mm 


Clay 


Less than 0.002 mm 



4.3.2. Types of soils : Soils occur in a fairly wide variety in our country, as will be seen from the 
soil map of India given in Fig. 4.1. Some of the major soil types found in the country are: 

Alluvial soils: These are mostly found in the Indo-Gangetic plain. Generally, these are composed of broadly matching fractions 
of sand, silt and clay, and make fair to good subgrade material. 

Fine sand: It is confined mostly to desert areas in the north-western part of the country. This soil lacks binder fraction and is not 
well graded. 

Coastal soils: The sands/sandy soils forming the coastal alluvium usually make good subgrades. 
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Black Cotton (BC) soils: Black cotton soils occur in parts of Madhya Pradesh, Maharashtra, Andhra Pradesh and Karnataka. 
These soils are characterised by pronounced volume changes (swelling upon wetting and shrinkage after drying) and low 
strength at high moisture content. 

Red gravelly soils: The moorums and red gravelly soils are found in various pockets and are generally less problematic. 

The wide range of soil types available as highway construction materials have made it obligatory on the 
part of the highway engineer to identify and classify the different soils. The classification of soil as per IS 
nomenclature (IS: 1498-1970), the general range of the maximum dry densities of these materials and their 
approximate CBR values are given at Table 4. 1 . 



Table 4.1. Classification of Soils as per IS System 



Soil Group Description 


Symbol 


Unit dry weight, 
gm/cm \lb:Z7Z\) 
(Fart l)-\y&\) 


CBR % at IS Light 


Well graded gravels and gravel sand mixture 


GW 


2.00-2.24 


60-90 


(fines < 5 per cent) 








Poorly graded gravel and gravel sand mixture 


GP 


1 .76-2.24 




(fines < 5 per cent) 








Silty gravel and gravel sand mixture 


OIVI 


1 AR 9 9? 


z.\j o \j 


(fines >12 per cent) 








Clayey gravels and gravel sand 


GC 


1 .92-2.24 


20-80 


silt mixtures (fines >12 per cent) 








Well graded sand and gravely 


SW 


1.76-2.08 


20-60 


sand (fines < 5 per cent) 








Poorly graded sands and gravely 


SP 


1.59-1.92 


10-30 


sand (fines < 5 per cent) 








Silty sand and sand-silt 


SM 


1.92-2.16 


1 0-4 0 


mixtures (fines >12 per cent) 








Clayey sands and sand-clay 


SC 


1.68-2.08 


15-50 


mixtures (fines >12 per cent) 








Inorganic- silt, very fine rock floor, 


ML 


1.60-2.00 


5-20 


Clayey silt or fine sand, inorganic clay, 


CL 


1.60-2.00 


5-15 


gravelly, sandy or silty 








Organic silt and silty clays 


OL 


1.44-1.60 


3-8 


Inorganic silt elastic and micaceous silts 


MH 


1.28-1.60 


3-8 


Inorganic fat clays 


CH 


1.44-1.76 


3-5 


Organic silt and clays 


OH 


1.28-1.68 


2-4 



4.3.3. Marginal/low grade materials : Surveys carried out in the country for different types of low- 
grade material encountered in the country reveal that there is a wide variety of marginal/low grade materials, 
which can be used for advantage in road construction. Usually marginal materials can be adopted for construction 
of sub-base/base courses and for shoulders. The distribution of a wide variety of naturally occurring low-grade 
materials/soft aggregates can be broadly categorised as: 

(i) Moorum/Gravel 

(li) Kankar 

(iii) Dhandla 

(iv) Laterite 

(v) Soft Stone/Sand-Stone 
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The availability of marginal materials across the country is given in Table 4.2. 

Table 4.2. Types of Locally Available Low Grade Material 



Name of the State 


Type of Locally Available Aggregates 


River 
Gravel 


Pit Gravel 


Laterite 


Kankar 


Moorum 


River 
Shingle 


Dhandia 


~«J E 
S O 

2 V5 

2 -o 

H B 

© « 

f Xx 


Shale 
Aggregate 


Bricks & 

Brick 

Aggregate 


Andaman & Nicobar 






















Arunachal Pradesh 








* 














Andhra Pradesh 






* 




* 






* 






Assam 
















* 






Bihar 










* 










* 


Chhattisgarh 
















* 






Goa 
















* 






Gujarat 
















* 






Haryana 




















* 


Himachal Pradesh 












* 










Jammu & Kashmir 












* 




* 


* 




Jharkhand 










* 












Karnataka 






* 
















Kerala 






















Madhya Pradesh 




* 


* 




* 












Maharashtra 




* 


* 










* 






Manipur 
















* 






Meghalaya 
















* 






Mizoram 
















* 






Nagaland 
















* 






Orissa 




* 






* 












Punjab 


* 




* 










* 




* 


Rajasthan 








* 






* 


* 






Sikkim 
















* 






Tamil Nadu 


* 


* 


* 




* 






* 






Tripura 






















Uttar Pradesh 








* 








* 




* 


Uttaranchal 


* 






* 




* 




* 


* 




West Bengal 


* 


* 


* 




* 


* 











*Shows the availability of different types of material 

The properties and suitability of some of these marginal materials under different climatic condition are 
given below: 



Pit Gravel/Moorum: These materials are available under moderate overburden of topsoil consisting of natural mixture of 
granular and fine soil fraction. These may be sub-angular, round in shape and irregular in size. These are suitable for rural road 
construction, particularly for base/sub-base course and as binder material in water bound macadam (WBM) and can be used in 
all climatic conditions. 

Laterite: Laterites are generally deep brown in colour. It is porous and spongy and hence absorbs water and becomes soft. Care 
should be taken to use this material in humid and cold climate. 

Kankar: Kankar is generally nodular in shape and derived from lime stone rock. Certain varities of kankar are quite resistant to 
crushing. These are suitable in all climatic conditions. 

Dhandia: Dhandia is a calcareous material under over-burden of desert sand varying from 1 .5 m to 2.5 m and are suitable for 
all climatic conditions. 
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Soft Stone/Sand Stone: The soft stone namely sand stone, limestone, etc. are found all over the country. These are sedimentary 
rocks softer than hard rocks like granite and quartzite. These aggregates are more susceptible to stripping when they come in 
contact with water. Therefore, these aggregates should not be used under heavy rainfall areas. 

River Gravel: River gravel found in stream and river bed are normally rounded in shape. This material can be used in sub-base 
course. 

River Shingle: They possess smooth surface and are rounded in shape. When used in base/surface coarse river shingle should 
possess at least two broken faces. 

Compressed Shale Aggregates: The aggregates produced from stratified shale rock are quite tough when dry but their strength 
fall appreciably once they come in contact with water. Care should be taken under humid and cold climate. 

Brick Aggregates: These are suitable for all climatic conditions. 

4.4. Embankment and Subgrade Materials 

4.4.1. Physical requirements : The materials used in embankment, subgrades and earthen shoulders 
shall be soil, moorum, gravel, a mixture of these or any other material approved by the engineer. Such material 
shall be free from logs, roots, stumps, rubbish or any other ingredient likely to deteriorate or affect the stability 
of embankment/subgrade. 

4.4.2. Specification for embankment and subgrade material : Following types of material shall 
be considered unsuitable for embankment/subgrade: 

(a) Materials from swamps, marshes and bogs 

(b) Peat, log, stump and perishable material; any soil that is classified as OL, 01, OH in accordance with IS: 1498- 1970 

(c) Materials susceptible to spontaneous combustion 

(d) Materials in frozen conditions 

(e) Clay having Liquid Limit (LL) exceeding 70 and Plasticity Index (PI) exceeding 45 

(f) Materials with salts resulting in leaching in the embankment 

(g) Expansive clays, 'Free swelling index' exceeding 50 per cent when tested as per IS:2720 (Part 40)- 1 977, shall not be used 
as fill material 

(h) Materials with a sulphate content (expressed as SO,) exceeding 0.5 per cent by mass, when tested accordance with 
BS: 1377- 1975 Test 9, shall not be deposited within 500 mm from concrete surface. 

The size of the coarse material in the mixture of earth shall ordinarily not exceed 75 mm when being 
placed in the embankment and 50 mm when placed in the subgrade. Ordinarily only the materials satisfying the 
density requirements given in Table 4.3 shall be employed for the construction of the embankment and the 
subgrade. 

Table 4.3. Density Requirements of Embankment and Subgrade Materials 



Type of work 


Maximum laboratory dry unit weight 
when tested as per IS: 2720 (Part 7)-1980 


Embankments upto 3 metres height, not subjected to extensive 
flooding 


Not less than 1 .44 gm/cc 


Embankments exceeding 3 metres height or embankments of 
any height subject to long periods of submergence 


Not less than 1..52 gm/cc 


Subgrade and earthen shoulders 


Not less than 1 .65 gm/cc 



Notes, (i) This Table is not applicable for lightweight fill material, e.g., cinder, fly ash, etc. for which IRC:SP:58 may be referred 
(ii) The Engineer may relax these requirements at his discretion taking into account the availability of materials for construction 
and other relevant factors. 
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4.4.3. Specifications for granular sub-base (GSB) : The material to be used for the work shall be 
natural sand, moorum, gravel, crushed stone, crushed slag, granulated slag, crushed concrete, brick metal and 
kankar, etc. The material shall be free from organic or other deleterious material. The material shall have 9 per 
cent fines value of 50 kN or more (for sample in soaked condition) when tested in compliance with BS: 812 
(Part 3)-1975. The water absorption of the aggregate shall be determined as per IS:2386 (Part 3)-1963; if this 
value is greater than 2 per cent, the soundness test shall be carried out on the material delivered at the site as per 
IS:383-1970. The CBR requirement for sub-base layer should be at least 15 per cent when tested in soaked 
condition. The material for sub-base shall be preferably non-plastic . Otherwise, the plasticity index (PI) of 
material passing 425 micron sieve shall be less than 6 and liquid limit less than 25 per cent. The material shall 
conform one of the gradations specified below in Table 4.4. For the construction of gravel roads gradation of 
granular material specified in Table 4.5 can be adopted. In case of unsurfaced roads, the PI value of the gravel 
should not exceed 9 per cent. 



Table 4.4. Gradation Requirement for Coarse Graded Granular Sub-base 



IS Sieve 


Per cent by weight passing the IS sieve (By wet sieve analysis) 




Grading 1 


Grading II 


Grading III 


75.0 mm 


100 






53.0 mm 




1 00 




26.5 mm 


55-75 


50-80 


100 


4.75 mm 


10-30 


15-35 


25-45 


2.36 mm 








0.425 mm 








0.075 mm 


<10 


<10 


<10 



Table 4.5. Gradation Requirement for Close-Graded Granular Sub-base 



IS Sieve 


Per cent by weight passing the IS sieve (By wet sieve analysis) 


Grading I 


Grading II 


Grading III 


75.0 mm 


100 






53.0 mm 


80-100 


100 




26.5 mm 


55-90 


70-100 


100 


9.5 mm 


35-65 


50-80 


65-95 


4.75 mm 


25-55 


40-65 


50-80 


2.36 mm 


20-40 


30-50 


40-65 


0.425 mm 


10-25 


15-25 


20-35 


0.075 mm 


3-10 


3-10 


3-10 



Note: The material passing 425 micron sieve for all the three grading when tested according to 1S:2720 (Part 5)-l 985 shall be having 
liquid limit and plasticity index not more than 25 and 6 respectively. The material with CBR greater than 1 5 per cent shall be 
accepted for construction of GSB course. 

4.5. Stabilised Soils 

Sometimes soil/soil-gravel/aggregates and waste materials such as fly ash, iron and steel slag and other 
such materials, available in the near vicinity of the construction sites do not conform to the 1 grading, PI and 
strength requirements. Such inferior materials can be improved by adopting soil stabilisation technique. The 
methods of stabilisation can be broadly grouped as: 

Mechanical stabilisation 
Lime stabilisation 
Cement stabilisation 
Bituminous stabilisation 
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4.5.1. Mechanical stabilisation : This work consists of improving the inferior soils/low grade 
aggregates like kankar, latente, brick aggregates, moorum, etc. by blending them with locally available suitable 
materials. Different methods of proportioning two materials on the basis of the gradation or/and plasticity 
index are given in Appendix-4.1. 

4.5.2. Lime stabilisation : When the local soil, moorum cannot be economically and effectively stabilised 
by mechanical methods, the chemical stabilisation of these materials are resorted to. Lime stabilisation is 
normally adopted for silty clays and clayey soils including black cotton soil. The development of strength in 
soil lime mixes depends on the type of clay and its quantity in soils. Thus, lime stabilisation is recommended 
for soils having PI > 8. It is desirable that the calcium hydroxide content (available lime) in lime for stabilisation 
should be more than 70 per cent. In case of inferior lime the quantity of lime for stabilisation has to be 
increased proportionately. Lime with purity less than 50 per cent should not be normally used. Lime shall be 
properly stored to avoid prolonged exposure to the atmosphere. The quantity of lime to be added as percentage 
by weight of the dry soil shall be specified in the contract. The mix design shall be done to decide the optimum 
quantity of lime to be added to obtain required test value. Before stabilisation soil shall be pulverised by using 
disc harrow, rotavator till 100 per cent matenal passes through 26.5 mm sieve and 80 per cent through 5.6 mm sieve. 

4.5.3. Lime-Fly ash stabilisation : This method is suitable for areas where good quality of fly ash and 
lime are locally available and the local soils respond to these techniques. Normally, soils having medium 
plasticity index (5-20) and clays that do not respond to lime can be improved by this technique. Details of this 
technique are given in Chapter 9. 

4.5.4. Cement stabilisation : Gravelly, sandy, clayey type of soils can be stabilised using cement, 
when comparatively higher and faster development of strength, and durability characteristics are needed 
especially for waterlogged and high rainfall areas. The material used for stabilisation by cement shall be gravelly 
or sandy type of soil. Marginal materials like kankar, laterite, brick aggregate, crushed rock or slag or any 
combination of these can also be stabilised using cement. For use in sub-base and base course, the material 
shall have grading as shown in Table 4.6. It shall have a uniformity coefficient not less than 5 so that it can 
produce a well closed surface finish. 

Cement shall comply with the requirement of IS:269-1989, 455-1989, 81 12-1989 or 1489-1991 details 
of which are presented later in this chapter. The quantity of cement to be added as per centage by weight of the 
dry soil shall be specified in the contract. Also if lime is used as pre-treatment for highly clayey soil, the 
quantity as per centage by weight of dry soil shall be specified in the contract. The quantities of lime and 
cement must be determined on the basis of unconfined compressive strength and durability tests under 12 
cycles of wet-dry conditions. Generally cement concrete ranges from 3 to 5 per cent by weight of dry soil. 



Table 4.6. Grading of Materials for Stabilisation with Cement 



IS Sieve Designation 


Per centage by weight passing 


Sub-base 
(Finer than) 


Base 

(Within the range) 


53.0 mm 


100 


100 


37.5 mm 


95 


95-100 


19.0 mm 


45 


45-100 


9.50 mm 


35 


30-100 


4.75 mm 


25 


25-100 


600 micron 


8 


8-65 


300 micron 


5 


5-40 


75 micron 


0 


0-10 
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If the material passing 425 micron sieve is plastic, it shall have a liquid limit not greater than 45 per cent 
and plasticity index not greater than 20 per cent as per IS:2720 (Part 5)- 1985. For the treatment of the plastic 
soil, the stabilisation shall be as per Section 4.5.3. For further details reference may be made of IRC:50. 

4.6. Road Aggregrates 

4.6.1. General : Aggregates form the major portion of pavement structure and they are the most 
voluminous ingredient used in pavement construction. Aggregates have to bear the stresses due to the wheel 
loads on the pavement and on the surface course. They also have to resist wear due to abrasive action of traffic. 
Most of the road aggregates are obtained from natural rocks. The conventional road aggregates in India are 
obtained by crushing of rocks. There are three mam groups of rocks: igneous, sedimentary and metamorphic. 
Within these three broad geological classes, there are hundreds of different types of rocks. Many of these rocks 
differ little from each other with regard to their road making qualities. The map showing rocks and minerals 
found in India is given in Fig. 4.2. The desirable properties of road aggregates are given below: 

Strength: The aggregates to be used in road construction should be sufficiently strong to withstand the stresses due to 
traffic wheel loads; hence they should possess sufficient strength to resist crushing. 

Hardness: The aggregates used in the wearing course are subjected to constant rubbing or abrasion due to moving 
traffic. They should be hard enough to resist wear due to abrasive action of traffic. 

Toughness: Aggregates in the pavements are also subjected to impact due to moving wheel loads. The resistance to 
impact or toughness is hence another desirable property of aggregates. 

Durability: The stones used in pavement construction should be durable and should resist disintegration due to action of 
weather. The property of stones to withstand the adverse action of weather is called soundness. 

Shape of the aggregates: Aggregates which happen to fall in a particular size range may have rounded, cubical, angular, 
flaky or elongated shape of particles. It is evident that the flaky or elongated particles will have less strength and durability 
when compared with cubical, angular or rounded particles of same stone. Hence too flaky and too much elongated 
particles should be avoided as far as possible. 

Adhesion: The aggregates used in bituminous pavements should have less affinity to water. 

4.6.2. Natural aggregates : The most commonly available rocks in India from which road aggregates 
can be obtained are given in Table 4.7. 

4.6.3. Artificial aggregates : Artificial or manufactured aggregates have been used widely for road 
construction in the developed countries. In some parts of India, brick soling or WBM construction using brick 
ballast have been widely used. As the properties of these artificial aggregates are dependent on various factors, 
the quality of final products vary too much necessitating elaborate evaluation of their properties before utilisation. 
The types of artificial aggregates available in the country are : 

Brick ballast: It is the hand broken aggregates of well burnt or over burnt bricks free of extraneous materials. 

Cinder: It is well burnt furnace residue, which has been fused or sintered into lumps of varying sizes. 
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4.6.4. Waste materials : There are a large variety of waste materials, which can be used effectively 
for road construction works. The following waste materials have been successfully tested in the lab and also 
used in field trials: 

• Fly ash 

• Iron and steel slag 

• Processed municipal wastes 

• Rice husk ash 

Marble slurry dust wastes 
Recycled concrete 

• Quarry waste/mine waste. 

Details regarding usage of waste materials are presented in Chapter 9. 

Table 4.7. Properties of Rocks Available in India 



Types of Rocks 


Geological Group 


Properties 


Suitability 


Location/Availability 


Basalt 


Igneous 

(Volcanic type) 


Hard and durable, 
resistant to abrasion, 
fine grained 


Good for base and 

r 

surface courses 


Maharashtra, Bihar, 
Gujarat, W.B. oc M.r. 


Granite 


Igneous 
(Plutonic) 


Hard, durable resistant 
to abrasion, coarse 
grained and quite brittle 


Very good for 
bituminous courses 
and WBM 


J&K, Tamil Nadu, 
Punjab, Rajasthan, U.P., 
M.P., Rajasthan, Assam, 
Karanataka, W.B., 
Maharashtra, Bihar, 
Orissa, Kerala and 
Gujarat 


Lime stone 


Sedimentary 
(Calcareous) 


Reasonably hard and 
liable to polish to a smooth 
surface under traffic, fine 
grained high water absorption, 
excellent adhesion to bitumen 


Good for base course 


Maharashtra, W.B., 
Rajasthan, A. P., 
Andaman Islands, 
Bihar, H.P., M.P., & 
U.P. 


Quartzite 


Sedimentary (Siliceous) 
and metamorphic 


Hard, durable, but is liable to 
be brittle and adhesion to 
bitumen is rather poor 


Good for base courses 


W.B., A.P., H.P., 
Tamil Nadu, U.P., 
Karanataka, Gujarat, 
Punjab & Rajasthan 


Sand stone 


Sedimentary rock 
(Siliceous) 


Moderately hard and durable, 
fine to medium grained 


Good for road bases 


A. P., M.P., W.B., 
Punjab, Bihar, Rajasthan, 
H.P., Andaman Islands, 
J&K, U.P. & 
Tamil Nadu 



4.7. Aggregate for Base Course 

4.7.1. General : WBM is one of the commonly used pavement layers. It can be used for construction 
of sub-base or base course. The size of the coarse aggregate depends upon the thickness of the layer. The 
strength of the layer depends on the interlocking and lateral confinement of the layer. The grading requirements 
of the screening are given in the Table 4.8. 
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Table 4.8. Physical Requirements for WBM 



Lay 


AIV (%) not more than 
[IS:2386 (Part 4)-1963J 


Flakiness Index 
|IS:2386 (Part 1)-1963 


Moisture or water absorption 
|IS:2386 (Part 3)-1963| (%) 


Sub-base course 


50 


40 


6 


Base course 


40 


30 


3 



AIV = Aggregate Impact Value 



4.7.2. Aggregate grading requirements for WBM : The grading required for the coarse 
aggregates are given m Table 4.9 as per IRC: 19. The larger size of the aggregates will give higher thickness of 
the WBM layer. 

Table 4.9. Grading of Coarse Aggregates for WBM 



Grading No 


Size range 


IS Sieve (IS: 460) 


Per cent by weight passing the sieve 


I 


90 mm-45 mm 


1 25 mm 


100 






90 mm 


90-100 






63 mm 


25-60 






45 mm 


0-15 






22.4 mm 


0-5 


II 


63 mm-45 mm 


90 mm 


100 






63 mm 


90-100 






53 mm 


25-75 






45 mm 


0-15 






22.4 mm 


0-5 


III 


53 mm-22.4 mm 


63 mm 


100 






53 mm 


95-100 






45 mm 


65-90 






22.4 mm 


0-10 






1 1 .2 mm 


0-5 



Note: The minimum compacted thickness for a layer with grading I shall be 1 00 mm while for layer with grading II and III shall be 75 
mm. Grading II and III shall be preferably used for construction of WBM as base course. Grading I shall be used for sub-base only. 



4.7.3. Grading requirements for screening material : The quality of screening material shall 
conform to MoRT&H Specifications/IRC: 19. The material used for screening includes stone grit, coarse sand, 
hard moorum, etc. The permissible grading is given in Table 4.10. 



Table 4.10. Grading for Screening Material 



Grading Type 


Size Range 


IS Sieve Designation 


Per cent by Weight Passing 


A 


1 3.2 mm 


1 3.2 mm 


100 






1 1 .2 mm 


95-100 






5.6 mm 


15-35 






1 80 micron 


0-35 


B 


1 1 .2 mm 


1 1 .2 mm 


100 






5.6 mm 


90-100 






1 80 micron 


15-35 



Note: (i) For further details on conventional water bound macadam specifications and construction, reference may be made to 
MoRT&H Specifications for Road and Bridge Works. 
(ii) The binding material shall have PJ value between 4 to 6 per cent. Non plastic binding material may also be used in case 
Engineer-in-Charge approves the same. 
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4.7.4. WBM as wearing course : When WBM is used as wearing course, WBM Grade III shall be 
adopted. The plasticity requirements for binding material are given in Table 4.11. 

Table 4.1 1. Plasticity Requirements for Wearing Courses 



Climate (Range) 


Liquid Limit not to exceed 


Plasticity Index 


Moist temperate and wet tropical 


35 


4-9 


Seasonal wet tropical 


40 


6-15 


Arid 


55 


15-30 



The materials for this layer shall be either crushed or broken stone, crushed slag, over burnt brick aggregates 
or any other naturally occurring aggregates such as kankar and laterite of suitable quality. Aggregates like 
brick, stone metal, kankar, laterite, etc., which get softened in presence of water shall be tested for impact value 
under wet conditions. The requirement of flakiness index shall be enforced only in case of crushed broken 
stone and crushed slag. 



4.8. New Materials and Stabilisers 

4.8.1. Geotextiles : Synthetic materials in the form of strong flexible sheets either woven or non- 
woven and permeable or water tight membranes have been used for several years to improve soil quality and 
performance in different branches of geotechnical engineering, e.g., lining, drainage and protection of slopes 
and embankments. Such materials are called geotextile. Natural man made textiles, such as, jute fabrics, coir 
mats are also being used extensively m many civil engineering projects and such materials can also be adopted 
in rural road construction. The geotextiles are generally classified by the manufacturing process, and are often 
separated into two sub-categories, namely non-woven and woven. Other types of geotextiles include (i) Knitted 
geotextiles (ii) Directionally structured filament (iii) Composite geotextiles. 

In a given application, a geotextile can perform one or several functions to improve the mechanical and/ 
or hydraulic behaviour of the structure in which it is incorporated. Filtration/Dramage and separation functions, 
which are two important functions of geotextiles, are described in the following lines. The separation function 
refers to the separation of two dissimilar materials. The primary geotextile responsibility is to prevent 
intermixing of the two different soil layers or dissimilar materials; throughout the design life of the structure. 
Normally geotextiles provided for separation in road pavement prevent intrusion/pumping of soil particles into 
the base/sub-base course. Geotextile are commonly used for this function when pavements are constructed 
over soft soils. Roadway pavements are basically structures for taking the high contact pressure from the 
vehicle tyres and reducing that pressure through the depth of the pavement to a level, which can be handled by 
the underlying soil. Pressure dissipation occurs down through the various layers of materials withm the pavement. 
Over a period of time, especially in presence of water, repeated vehicle load applications cause subgrade soils 
to migrate into the aggregate base of the pavement section. Contamination of the aggregate base by the subgrade 
results in the reduction of the effective base thickness to a value, which is less than what was the design value. 
Reduction of the base thickness results in a decrease in the load carrying capability of the aggregate base and 
leads to a reduction in the pavement life. Geotextile prevent the subgrade materials from migrating into the 
aggregate base, while maintaining the desired strength over a much longer period and as a consequence the 
quality and the life of the pavement is increased substantially. 

Filtration is one of the most widely used geotextile functions. For centuries, Engineers have constructed 
filter systems using conventional graded aggregates. A geotextiles provides filtration function which serves the 
same role in soil structures as were the various gradation of aggregates conventionally used. The filtration 
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function has two concurrent objectives. These are to retain the particles of the soil while permitting water to 
pass freely through the plane of the geotextile from the soil. These two parallel roles are the key to filtration 
design. For the filtration function, a geotextile must be able to convey a certain quantity of water across the 
plane of the fabric throughout its design life to prevent the build up of water pressures. Further details regarding 
Detailed specifications of geosynthetics, geotextiles etc. and their use in sub-surface drains with installation 
specifications are given in MoRT&H Specification and IRC:59. 

Natural fibres, like, jute and coir are also used for making Geotextiles. Availability of natural jute in 
India in abundant quantity gives the natural fiber based fabrics an advantage in terms of cost. Jute is a 
lignocellulosic natural fiber and as such is biodegradable. There are various application areas where the presence 
of fabrics is either required for a short duration or where the degradation of fabric does not hinder its application 
function. In such cases, it is advisable to go for natural materials rather than synthetic materials, as they are 
available locally and cheap. Fibre drains made up of jute composites are used for consolidation of soft clays. 
Jute being 100 per cent biodegradable is the only environmental friendly drain and is acceptable even in the 
developed countries. These drains are versatile and can be used as: 

(i) Vertical drains for consolidation of clays 

(ii) Horizontal drains for stabilisation of slopes and 

(iii) Horizontal drains to counter the problems arising due to seepage 

When jute geotextiles is laid over the subgrade it reduces the possibility of failure by performing the 
following functions: 

(i) The fabric acts as a separator betw een the subgrade and the granular sub-base and prevents the migration of the particles 
from subgrade to the sub-base material 

(ii) The highly permeable nature of geotextiles helps in rapid removal of water from the road section and thus prevents the 
pumping action of the pavement 

In the same manner, coir is also used for drainage and erosion control. The resistance to biodegradability 
of coir is better than jute. 

4.8.2. New stabilisers : Many type of new stabilisers are now available. Some of these are chemical/ 
enzyme based compounds. Use of such materials can be taken up initially on experimental basis to establish its 

efficacy. 

4.9. Materials for Desert Areas 

Road construction in sandy areas is confronted with many serious problems notable among them being 
the non-availability of hard stone metal. Since stone has to be brought from long distances, the cost of construction 
at such places is very high. It has been observed that in desert areas, on account of non-cohesive nature of sandy 
subgrade, the oversize metal has a tendency to sink in the subgrade resulting in the deformation of road surface. 
It is, therefore, essential to provide adequate support to prevent deformation. 

The detailed survey of soils and road construction materials carried out in sandy areas has shown that a 
variety of materials, such as, Dhandla (a calcareous material), Kankar, soil grave! mixes and Bentomte (heavy 
clays) are available at many locations. Research work carried out at various laboratories and subsequent laying 
of test tracks and its field performance have shown that these materials can be used both in the sub-base and 
base course of road pavement in place of hard stone metal. 
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4.10. Material for Bituminous Construction 

4.10.1. General : Bitumen is a viscous liquid, semi-solid or solid material, colour varying from black 
to dark brown, having adhesive properties, consisting essentially of hydrocarbons derived from distillation of 
petroleum crude or natural asphalt and soluble in carbon disulphide. Bituminous materials used for paving 
purposes can be grouped as illustrated below: 

Road Bitumen 



Natural Bitumen Residues of Fractional Distillation of Petroleum 

(Crude) 



Trinidad Lake Natural Rock Penetration Liquid Bitumen 

Asphalt (54 per cent Asphalt (Approx. Grade Bitumen 

Bitumen) 10 per cent bitumen) | 1 

Cutbacks Emulsion 

4.10.2. Requirements for good bituminous binder : The bituminous binder should posses the 
following qualities as per IS:73-1992: 

Adequate viscosity at the time of mixing and compaction 

Not highly temperature susceptible 

Should not strip off from aggregate in presence of water 

4.10.3. Tests for bituminous binders : To ensure that the required properties are available in the 
bituminous materials standard tests are performed. These tests can be divided into four categories : 

• Consistency tests 

• Composition tests 
Specific gravity tests 
Flash and fire point tests 

These tests as required for quality control are described in Chapter 10. 

Consistency tests : By consistency is meant the resistance of a material to flow. Temperature changes 
for bitumen ranges from its processing temperature ( 1 77°C) to the road surface temperature during winter. As 
a single test cannot be adequate for evaluating all bituminous binder, a number of tests have been developed; 
each of which has certain advantages and disadvantages. 

The consistency tests of importance are: 
Penetration test (IS: 1 203- 1 978) 
Viscosity test (IS: 1206-1 978) 
Softening point test ((IS: 1205-1978) 
Ductility test (IS: 1208- 1978) 

Composition tests : Most bituminous binder specification includes criteria regarding composition. To 
ensure these compositions are met, a number of tests have been developed to determine the proportion of 
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specific fractions and components of the bituminous binders. The more common tests in this category are: 

Loss on heating test (IS: 1212-1 978) 
Solubility test (IS: 1216-1978) 
Water content test (IS: 1 2 1 1 - 1 978) 
Distillation test (IS: 105 12-1 983) 
Spot test (AASHTO T: 1 02-74) 

Specific gravity test : The specific gravity of refinery penetration grade bitumen varies between 1 .00 
and 1.05. Specific gravity data are required to calculate the percentage of voids in an aggregate-binder mix. 
Moreover, while the specifications provide the quantities in weight, the material supplied and measured in use 
by volume. The test may be performed as per IS: 1202- 1978. 

Flash and fire point test : These are primarily safety tests, but also indicate the volatile substances 
present in the binders indirectly. Of the two tests, fire point test is more important as it indicates the maximum 
temperature to which bituminous material can be safely heated. The test may be performed as per IS: 1209- 
1978. 

4.10.4. Bitumen emulsion : Bitumen emulsion is a liquid product in which a substantial amount of 
bitumen is suspended in a finely divided condition in an aqueous medium and stabilised by means of one or 
more suitable materials. In India normally cationic type of emulsion is used. An emulsion is a two-phase 
system consisting of two immiscible liquids; bitumen being dispersed as fine globules in water. A small proportion 
of an emulsifier is used to facilitate dispersion and to keep the globules of dispersed binder in suspension. The 
function of this emulsifier is to form a protective coating around the globules of binder resisting the 
coalescence of the globules. The bitumen content in emulsions is around 60 per cent and the remaining is 
water. When emulsion is applied on the road, it breaks down resulting in release of water and the mix starts to 
set. The time setting time depends upon the grade of emulsion. The first sign of breakdown of emulsion is 
indicated by the change in colour of the film from chocolate brown to black. Three types of bituminous emulsions 
are available, (i) Rapid Setting (RS), (li) Medium Setting (MS), (iii) Slow Setting (SS). If the bitumen emulsion 
is intended to break rapidly, the emulsion is said to possess rapid set quality. Emulsions which do not break 
spontaneously on contact with stone, but break during mixing or by fine mineral dust are medium set grades. 
When special types of emulsifying agents are used to make the emulsion relatively stable, they are called slow 
setting. The viscosity values of bitumen emulsions when tested using Sabolt Furol Viscometer are given in 
Table 4.12. IS:8887-1995 may be referred for specification on bitumen emulsion for roads. 



Table 4.12. Viscosity of Bituminous Emulsions 



Temperature 


Type of Emulsion 


RS 


MS 


SS 


At 25°C (sees) 






20-100 


At 50°C (sees) 


50-400 


50-400 





4.10.5. Polymer modified bitumen/crumb rubber modified bitumen : Certain additives or blend 
of additives called as bitumen modifiers can improve properties of bitumen and bituminous mixes. Bitumen 
treated with these modifiers is known as modified bitumen. Polymer modified bitumen (PMB)/crumb rubber 
modified bitumen (RMB) should be used only in wearing course depending upon the requirements of extreme- 
climatic variations as given in Table 4.13. The detailed specifications for modified bitumen are given in 
IRC:SP:53. It must be noted that the performance of PMB and RMB is dependent on strict control on temperature 
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during construction. The advantages of using modified bitumen are as follows: 

Lower susceptibility to daily and seasonal temperature variations 

Higher resistance to deformation at high pavement temperature 

Better age resistance properties 

Higher fatigue life for mixes 

Better adhesion between aggregates and binder 

Prevention of cracking and reflective cracking. 



Table 4.13. Selection Criteria for PMB and RMB Based on Atmospheric Temperature 





._ , 1 — — — — 1 

Maximum atmospheric temperature °C 






<30 


30 to 40 


>40 


"C 


<-15 


PMB-120* 


PMB-70 


PMB-70 




RMB-50** 


RMB-55 


RMB-60 


1 = 

< 2 


-15 to 15 


PMB-120 


PMB-70 


PMB-40 


E g. 
| s 




RMB-55 


RMB-55 


RMB-60 




> 15 


PMB -70 


PMB-40 


PMB-40 


i 




RMB-55 


RMB-60 


RMB-60 



* Average penetration value ** Softening point is not less than this value 



4.10.6. Physical requirements of aggregate for bituminous surfacing layers : The quantities of 
the aggregate required for different bituminous treatments can be obtained from the standard/specifications of 
MoRT&H. The aggregates should be tough, durable and sound as per the required specifications. The 
requirements and test are listed in Table 4.14. If the stripping value of the aggregate exceeds the specified 
value of 15 per cent, anti-stnpping agent may be used. 



Table 4.14. Physical Requirements of Aggregate for Bituminous Surfacing 



Sr. No. 


Test 


Test Method 


Requirement (Per cent max.) 


1. 


Los Angeles abrasion value 


[S:2386 (Part 4)- 1963 


40 


2. 


Aggregate impact value 


IS:2386 (Part 4)- 1963 


30 


3. 


Combined flakiness and elongation index 


IS:2386 (Part 1)-1963 


35 


4. 


Stripping value 


IS:6241 -1 971 


15 


5. 


Soundness 
Loss with sodium sulphate 
(5 cycles) 

Loss with magnesium sulphate 
(5 cycles) 


IS:2386 (Part 5)-l 963 


12 
18 


6. 


Water Absorption 


IS:2386 (Part 3)-1963 


2 



4.10.7. Modified penetration macadam (MPM) : The material is similar to WBM except that some 
key aggregates and lean dose of bitumen replace the moorum and water. In this treatment, 40 mm hand broken 
metal is used. Though hand broken metal is preferred about 30 per cent quantity can be replaced with 40 mm 
crusher broken metal. The gradation for 40 mm metal has to conform to 100 per cent passing 50 mm sieve and 
fully retained on 25 mm sieve. Also, 12 mm size key aggregates are used. The gradation for 12 mm metal has 
to conform to 100 per cent passing 20 mm sieve and fully retained on 10 mm sieve. Bitumen of 30/40 or 60/70 
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penetration grade can be used for grouting. The selection of the grade of bitumen shall depend upon the climatic 
condition, traffic intensity, etc. The detailed specifications and construction method is given in Chapter 8. 

4.11. Materials for Bituminous Surfacing 

4.11.1. Prime coat over granular base : This work shall consist of application of single coat of low 
viscosity liquid bituminous material to an absorbent granular surface preparatory to any superimposed bituminous 
treatment or construction. The choice of bituminous primer shall depend upon the porosity characteristics of 
the surface to be primed as classified in IRC: 16. These are: 

(i) Surface of low porosity; such as wet mix macadam and water bound macadam. 

(ii) Surface of medium porosity; such as cement stabilised soil base. 

(iii) Surface of high porosity; such as a gravel base 

The different ranges of viscosity requirements for the primers to be used for different type of surfaces to 
be primed are given in Table 4.15. 



Table 4.15. Bituminous Material Requirements for Prime Coat 



Type of Surface 


Kinetic Viscosity of Primer at 
60°C (Centistokes) 


Quantity per 10 sqm. (kg) 


Low porosity 


30-60 


6 to 9 


Medium porosity 


70-140 


9 to 12 


High porosity 


250-500 


1 2 to 1 5 



The primer shall be bitumen emulsion, complying with IS:8887-1995 of a type and grade as specified in 
the contract or as directed by the Engineer. The use of medium curing cut-back as per IS :2 17- 1988 shall be 
restricted only for sites at sub-zero temperature or for the emergency applications as directed by the Engineer. 



4.11.2. Tack coat : Tack coat application consists of a single coat of low viscosity liquid bituminous 
material to an existing road surface preparatory to another bituminous construction over it. It is used to create 
a bond between an existing surface and a bituminous overlay. The binder used for a tack coat shall be bitumen 
emulsion complying with IS:8887- 1 995 . The cut-back being environmentally hazardous, its use should be 
limited to exceptional cases where emulsion cannot be used due to sub-zero temperature. 

4.11.3. Surface dressing : The binder shall be straight run bitumen or bituminous emulsion of a 
suitable grade appropriate to the region, traffic, rainfall and other environmental conditions and conforming to 
IS:73-1992. The details of the choice and construction method are given in Chapter 8. The physical requirements 
of aggregates shall remain the same as given in Table 4.15. The size of stone chipping shall be in accordance 
with Table 4.16. 



Table 4.16. Size Requirements of Stone Chipping for Surface Dressing 



Type of construction 


Normal size of stone chipping 


Specifications 


Single coat surface dressing or 
the first coat of two-coat 
surface dressing 


13.2 mm 


100 per cent passing through 22.4 mm 
sieve and retained on 1 1 .2 mm sieve. 


Second coat of two-coat 
surface dressing (also used as a 
renewal coat) 


1 1 .2 mm 


1 00 per cent passing through 

1 3.2 mm sieve and retained on 5.6 mm 

sieve. 



(i) A less viscous paving grade bitumen such as 80/100 is normally used for easy and uniform spraying and providing 
sufficient time during which viscosity does not build up. This ensures proper coating and embedment of aggregates 
sprayed on hot bitumen. 
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(ii) In many parts of India, the period of bituminous construction, specially surface dressing work is confined mainly to dry 
summer months. The working period is thus often limited to six to seven months in a year. However, it can be extended 
for construction in winter months by controlling viscosity of bitumen according to prevailing atmospheric/pavement 
temperatures. 

(iii) Paving grade bitumen 60/70 may be used for roads in coastal region where temperature variation is less than 20°C. 

(iv) Paving grade bitumen 80/100 may be used for rural roads in entire north India and part of peninsula excluding coastal 
regions. 

More viscous grade of bitumen is advantageous in reducing stripping of bitumen film from aggregates in 
the presence of water. With rounded river shingles, more viscous grade of bitumen compensates to some extent 
for poor mechanical interlock. 

4.11.4. Premix carpet : The binder shall be bitumen of a suitable grade appropriate to region, traffic, 
rainfall and other environmental conditions as directed by the Engineer and satisfying the requirements of 
IS:73-1992, 217-1988, 454-1994 or other approved emulsion and cut-back as applicable. The physical 
requirements of aggregates shall remain the same as given in Table 4.14. The stone polishing value as measured 
by BS: 812 (Part 1 14)-T989 shall not be less than 55. Large scale field trials conducted on premix carpet under 
different climatic condtions have given a broad indication for selection of appropriate grade of paving bitumen 
as follows: 

(i) For traffic intensity of less than 500 CVPD (commercial vehicles per day) and temperature variation through out the year 
is less than 25°C, paving bitumen 60/70 may be preferred. 

(ii) In areas where difference between maximum and minimum atmospheric temperatures is more than 25°C and traffic 
intensity is less than 500 CVPD, paving bitumen 80/100 may be used. 

(iii) Paving bitumen 80/1 00 may be used in high altitude and snow-bound regions irrespective of traffic intensity. 

(iv) For premix work in cold weather with atmospheric temperature below 20°C use of cut-back bitumen MC-3 is suggested. 
Cut-back bitumen MC-3 may be used in mixes with less quantity of fine aggregate, while cut-back bitumen SC-3 may be 
used in mixes with appreciable quantity of fine aggregates. 

4.11.5. Seal coat : The characteristics of binder for seal coat should be the same as specified above for 
premix carpet. In case of open graded premix carpet construction, the surfacing layer should always be sealed 
with a layer of seal coat. Seal coat may be either liquid seal coat (Type A) or sand seal coat (Type B). Type A 
seal coat shall be used for high rainfall areas (over 1000 mm rainfall per annum) and type B seal coat for other 
climatic conditions. 

4.11.6. Climatic suitability of bituminous material : Suitability of bitumen and emulsion for different 
types of bituminous work is given in tabular form in Tables 4.17 to 4.21. 

Table 4.17. Suitability of Type of Bitumen Used for Close Graded Premix Carpet/Mix Seal Surfacing 



as Bituminous Course for Different Climatic Conditions in India 



Type of bitumen/ 


Temperature variation 


Hot climatic 


Coastal region 


North-East 


High Altitude/ 


Binder 


throughout the 


condition 




States of 


Cold Climate/ 




year ° C 




throughout the 
year 




India 


snow bound area, 
temp <20°C 




<25 


>25 










60/70 


* 




* 


* 






80/100 










* 


* 


Cut-back 












SC-3 


Emulsion 


MS 


MS 


MS 


MS 


MS 


MS 



* Represent the suitability of binder for the climatic condition 
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Table 4.18. Suitability of Type of Bitumen Used for Open Graded Premix Carpet with Seal Coat as 
Bituminous Course for Different Climatic Conditions in India 



Type of bitumen/ 


Temperature variation 
throughout the 
year in °C 


Hot climatic 
condition throughout 
the year 


Coastal 
region 


North-East 
States of 
India 


High Altitude/Cold 
Climate/snow 
bound area, 
temp <20°C 




<25 


>25 










60/70 


* 




* 


* 






80/100 




* 






* 


* 


Cut-back 












MC-3 


Emulsion 


MS 


MS 


MS 


MS 


MS 


MS 



* Represent the suitability of binder for the climatic condition 



Table 4.19. Suitability of Type of Bitumen Used for Surface Dressing as Bituminous Course for 

Different Climatic Conditions in India 



Type of bitumen/ 


Temperature variation 


Hot climatic 


Coastal region 


North-East 


High Altitude/Cold 


Binder 


throughout the year 


condition 




States of 


Climate/Snow 




in °C 




throughout the 
year 




India 


Bound Area, 
temp < 20°C 




<25 


>25 










60/70 


* 




* 


* 






80/100 




* 






* 


* 


Cut-back 












RC-3 


Emulsion 






RS 


RS 


RS 


RS 



* Represent the suitability of binder for the climatic condition 



Table 4.20. Suitability of Type of Bitumen Used for Modified Penetration Macadam for Different 

Climatic Conditions in India 



Type of bitumen/ 


Temperature variation 


Hot climatic 


Coastal region 


North-East 


High Altitude/Cold 


Binder 


throughout the year 


condition 




States of 


Climate/Snow 




in °C 


throughout the 




India 


Bound Area, 






year 






temp < 20°C 




<25 >25 










60/70 


* 


* 


* 






80/100 


* 






* 


* 


Cut-back 












Emulsion 




MS 


MS 


MS 


MS 



Represent the suitability of binder for the climatic condition 



Table 4.21. Suitability of Type of Bitumen Used for Maintenance/Patch Repair Work for 

Different Climatic Conditions in India 



Type of bitumen/ 


Temperature variation 


Hot climatic 


Coastal region 


North-East 


High Altitude/Cold 


Binder 


throughout the year 


condition 




States of 


Climate/Snow 




in °C 




throughout the 
year 




India 


Bound Area, 
temp < 20°C 




<25 


>25 










60/70 


* 




* 


* 






80/100 




* 






* 




Cut-back 












SC-3 


Emulsion 


MS 


MS 


MS 


MS 


MS 


SS 



* Represent the suitability of binder for the climatic condition 

84 



IRC:SP:20-2002 



4.12. Materials for Semi-Rigid Pavement 

4.12.1. Dry lean concrete : Dry lean concrete (DLC) is a semi-rigid material used for base course 
construction having distinctly superior load dispersion characteristics as compared to conventional granular 
bases and sub-bases, like, WBM. As such, smaller thickness of this material can be used to replace the 
conventional base and sub-base courses in flexible and rigid pavement construction. Besides superior load 
dispersing properties DLC is resistant to softening action of water and can serve as a good working platform on 
softer foundations. It would be particularly useful as a base/sub-base course in areas where good quality 
aggregates are not available. 

4.12.1.1. Materials for DLC 

Cement: Ordinary Portland Cement conforming to IS:269-1989 or IS:81 12-1989 or Portland pozzolana 
cement (PPC) covered by IS: 1489 (Part 1)-1991 can be used. 

Aggregates: Coarse aggregates shall consist of clean, hard, strong, and durable pieces of crushed stone 
or crushed gravel and shall be complying with IS:383- 1970. Brick bats and low grade aggregates can also be 
used in DLC, however in selecting the aggregates, strength requirement stipulated in (mix design criteria) 
should be kept in view. The maximum size of the coarse aggregate in the mix is limited by the thickness of 
DLC layer to be laid, and should not exceed 40 mm for 10 cm layer thickness. The maximum size of the 
aggregate should preferably be 20 mm. Use of higher size aggregates may lead to segregation of the concrete 
mix. Restricting the higher size of the aggregate to 25 mm would yield better results. The fine aggregate shall 
consist of clean natural sand or crushed stone grit or a combination of the two and shall conform IS:383-1970. 
Fine aggregate shall be free from soft particles, clay, shale, loam, cemented particles, mica, organic and other 
foreign matter. Continuously graded or gap graded aggregates may be used, depending on the grading of fine 
aggregates. The combined grading of coarse and fine aggregate should be within the limits given in Table 4.22. 
In case of marginal aggregates, higher per centage of fine aggregates is desirable to act as a cushion for weak 
aggregates during rolling. 



Table 4.22. Aggregate Gradation for DLC 



I.S. Sieve Size 


Per cent passing the 
Sieve (By weight) 


26.5 mm 


100 


19.0 mm 


80-100 


9.5 mm 


55-75 


4.75 mm 


35-60 


600 micron 


10-35 


75 microns 


0-8 



Water: Water is an essential ingredient used in mixing of concrete. It should be free from harmful oil, 
acids, alkalis, salts, sugar, organic materials or other substances that may be deleterious to concrete or steel. 
The pH value of water shall generally be between 6 to 8. Potable (drinking water) is generally satisfactory for 
mixing and curing of concrete. Water found suitable for mixing is also suitable for curing, pH shall not be less 
than 6. Permissible limits of solids in water are given in Table 4.23. 



Table 4.23. Permissible Limits for Solids in Water (IS:456-2000) 



Solids 


Permissible, Maximum 


Organic 


200 mg/litre 


Inorganic 


3000 mg/litre 


Sulphates(as SO,) 


400 mg/litre plain concrete 


Chloride (as CI) 


2000 mg/litre for plain concrete 


Suspended matter 


2000 mg/litre 
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Fly ash: Fly ash can be used to replace a part of fine aggregate in DLC. Details of fly ash usage in DLC 
are given in Chapter 9. 

4.12.1.2. Proportioning of dry lean concrete : The mix proportions of DLC are designed by trial and 
error method. As compaction is to be done by rolling, workability shall be kept low, 0-10 mm slump. The 
cement content in DLC shall not be less than 150 kg per cubic metre of concrete. The average compressive 
strength of a group of 5 cubes shall not be less than 10.0 MPa at 28 days. In addition, the minimum compressive 
strength of any individual cube shall not be less than 7.5 MPa at 28 days. While selecting the trial mix proportions, 
allowance should be made for the maximum size and shape of the aggregate, as increase in the maximum size 
of the aggregate and its surface area requires reduction in water content; similarly change from angular crushed 
aggregates to rounded aggregates and increase or decrease in fineness modulus of sand requires a change in 
sand content. 

The design mix complying with the strength requirements shall be got approved by the engineer and 
demonstrated in the trial length construction. The optimum water content (OMC) shall be determined and 
demonstrated by rolling during trial length construction. The right amount of water for DLC shall be decided 
so as to ensure full compaction under rolling. Too much water will cause DLC to be heaving up before the 
wheel and picked up on the wheels of the roller and too little water will lead to inadequate compaction, low in- 
situ strength and open textured surface. While laying DLC should have moisture content within OMC + 1 per 
cent, keeping in view the effectiveness of compaction and to compensate for water absorption and evaporation 
losses. 

4.12.2. Lime fly ash concrete : Details of usage of lime fly ash concrete are presented in Chapter 9 in 
accordance with IRC: 60. 

4.13. Materials for Rigid Pavement 

4.13.1. Cement concrete pavement : Cement is a material obtained by pulverising clinker formed by 
calcining raw materials, primarily consisting of argillaceous and calcareous materials. The argillaceous materials 
used are shale or clay. The calcareous material commonly used is limestone. These materials supply the 
essential components such as lime (CaO), Silica (SiOJ, Alumina (A1,0 3 ) and iron oxide (Fe,0 3 ). Cement, 
when mixed with water, forms a paste, which hardens and binds the particles of aggregates together, to form a 
hard durable mass called concrete. Ordinary cement is called Portland cement because of the resemblance of 
set cement to rock found on the English island of Portland. Cement shall be stored in a dry place and subjected 
to acceptance tests prior to its immediate use. Cement to be used may preferably be obtained in bulk form. 
Cement shall be stored in a covered place to prevent its deterioration or contamination by foreign matter and to 
ensure its satisfactory quality and fitness for work. If a lot or batch of cement is not used for two months, fresh 
tests shall be carried out to ascertain its suitability for use. As per IS:456-2000, a part of cement to the extent of 
10-25 per cent can be replaced with fly ash provided required compressive strength is achieved. Before using 
any cement it would be advisable to get the cement tested for the following main properties to determine 
whether these properties meet the requirements as per IS standards: 

Fineness [IS:4031 (Part 1,2 & 15)-1996, 1999, 1991] 
Setting time [IS:4031 (Part 5)-l 988] 
Soundness [IS:403 1 (Part 3)- 1 988] 
Compressive strength [IS:403 1 (Part 6)- 1 988] 

The pavement design shall conform to the provisions of IRC:58 and IRC: 15. 
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4.13.1.1. Types of cement : In India, the BIS has classified Ordinary Portland Cement (OPC) into three 
grades. Grade of cement refers to 28 days compressive strength in MPa. The specifications of three different 
grades are given below: 

Ordinary Portland Cement (OPC) Grade 33 

1. Compressive strength of cement sand mortar (IS:269-1989) not less than 

72 + 1 hours = 16 MPa 

168 + 2 hours = 22 MPa 

672 + 4 hours = 33 MPa 

2. Fineness (sqcm/gm) not less than = 2250 
Ordinary Portland Cement (OPC) Grade 43 

1. Compressive strength of cement sand mortar (IS: 81 12-1989) not less than 

72 + 1 hours = 23 MPa 

168 ±2 hours = 33 MPa 

672 + 4 hours = 43 MPa 

2. Fineness (sqcm/gm) not less than = 2250 
Portland Pozzolana Cement (PPC) Grade-I (Fly ash Based) 

This cement may be used in construction of base or sub base course under flexible or rigid pavement. 
This type of cement is preferable to use in mass concrete works and under coastal environment for longer life 
of the pavement. The specification for this cement is given below: 

1. Compressive strength of cement sand mortar [IS: 1489 (Part 1 )- 1 99 1 ] not less than 

168 +2 hours = 22 MPa 

672 +4 hours = 33 MPa 

2. Fineness (sqcm/gm) not less than = 3000 

3. Fly ash/calcined clay = 10-25 per cent 
Blast Furnace Slag Cement 

This type of cement is preferable to use in concrete works under coastal environment. The specifications 
for such cement are given below: 

1. Compressive strength of cement sand mortar (IS:455-1989) not less than 

72 + 1 hours = 15.7MPa 

168 + 2 hours = 21.6 MPa 

2. Fineness (sqcm/gm) not less than = 2250 

3. Slag (Ground granulated slag) = 25-65 per cent 

4.13.1.2 Aggregates for concrete : The bulk of the material that forms concrete, is stone aggregates. 
Thus, the properties of concrete and its costs are controlled very closely by the quality and cost of aggregates. 
Aggregates for concrete are classified as fine aggregates and coarse aggregates. Fine aggregates are those 
which pass 4.75 mm sieve, and coarse aggregates are those which are retained on 4.75 mm sieve. The Indian 
Roads Congress specifies that the maximum size of the aggregates should not exceed l/4 ,h of the pavement 
thickness. Fine aggregates are generally obtained as natural sand from river beds. They can also be obtained by 
crushing stone and gravel. Coarse aggregates can either be (i) uncrushed gravel, or (ii) crushed stone or gravel, 
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or (111) a blend of the two. As per IS:456-2000 other types of aggregate such as slag and overburnt brick, which 
may be found suitable with regard to strength and durability of concrete as well as free from harmful contents 
may be used for plain concrete. The aggregate should not contain more than 0.5 per cent of sulphate as SO, and 
should not absorb water more than 2 per cent of their own weight. 

The aggregates should be hard, strong, dense, durable, clean and free from adherent coating; they should 
not have injurious amounts of disintegrated pieces, alkali, vegetable matter and other deleterious substances. 
As far as possible, flaky and elongated pieces should be avoided. Aggregates should not contain harmful 
quantities of materials such as pyrites, coal, lignite, mica, shale or similar laminated material, clay alkali, soft 
fragments, seashells as these can affect the strength or durability of concrete. Generally fly ash and Lithium 
Chloride to some extent prevent harmful alkali-aggregate reaction. Aggregates are typically stored in separate 
piles according to gradation and the area must be free draining and free from deleterious matter. In case the 
engineer considers that the aggregates are not free from dirt, the same shall be washed and dried for atleast 72 
hours before batching. 

Cement concrete in pavements is subjected to high flexural stresses and abrasion. The aggregates must 
therefore be able to provide the needed strength and quality, to resist these external forces. Strength is measured 
by the aggregates crushing test and the aggregates impact test. Abrasion is measured by the Los Angeles 
Abrasion test [IS:2386 (Part 4)-1963]. The strength requirements of coarse aggregates are as given in Table 
4.24. In case of concrete having reinforcement, maximum size of aggregate should also not exceed l/4th of the 
minimum clear spacing between reinforcing bars. The maximum size commonly used should preferably be 
20-25 mm. 

Table 4.24. Strength Requirements of Coarse Aggregates for Concrete 



Property 


For Wearing Surfaces (%) 


Other than Wearing Surfaces (%) 


Aggregate Impact value 


Not more than 30 


Not more than 45 


Los Angeles Abrasion value 


Not more than 30 


Not more than 50 



4.13.1.3. Water : Water used for mixing and curing of concrete pavement shall conform to the 
requirements given in Section 4.12. 

4 13.2. Roller compacted concrete pavement (RCCP) : Roller compacted concrete is a zero-slump 
Portland cement concrete which is compacted using a road roller. There are several differences between roller 
compacted concrete (RCC) and conventional Portland cement concrete. The most apparent is the lower water 
content or RCC. The lower water to cement ratio results in higher strength than conventional Portland cement 
concrete. In addition, it allows the use of roller for compaction, which would otherwise get bog down in wetter 
concrete. Other notable differences are that RCC usually has a lower paste content. When used as an alternative 
material m pavements, RCC has several advantages like: 

Speed of construction 
Lower cost 

Use of fly ash as an essential ingredient 
Expansion joints not required 

i , ^ ar !^ USeS f RCC Pavements were primarily for heavily loaded pavements such as parking lots, goods 
shed, eta This is because RCC can provide a suitable surface tolerance, adequate for moderate traffic speeds 
It it is to be used as wearing course, it is best suited for low and medium traffic volume roads. In case smoother 
overlay is proposed to be laid as wearing course, RCC can be used for construction of all categories of roads 
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Materials for Roller Compacted Concrete are given below: 

Cement: Cement conforming to IS:269-1989 or IS :81 12-1989 or IS: 1 2269-1 987 can be used. Portland pozzolana cement 
(PPC) covered by IS: 1 489-1 991 can also be used, however in that case, fly ash or any other pozzolanic material shall not be 
used to replace part of cement. 

Aggregates: Coarse aggregate for RCC shall be from natural aggregates complying with IS:3S3- 1 970. They shall consist of 
clean, hard, strong, dense, non-porous and durable aggregates derived from crushed stone or crushed gravel and shall be devoid 
of pieces of disintegrated stone, soft, flaky, elongated and highly angular pieces. The maximum size of coarse aggregate should 
be preferably limited to 20 mm in order to avoid a harsh pavement surface and segregation during transport and placement. The 
engineer may permit use of aggregate of upto 25 mm size, if field trials are satisfactory 

The fine aggregate shall consist of clean natural sand or crushed stone grit or a combination of the two and shall conform 
IS:383-1970. Fine aggregate shall be free from soft particles, clay, shale, loam, cemented particles, mica, organic and other 
foreign matter. The combined grading of coarse and fine aggregate shall conform to gradation given in Table 4.25. 



Table 4.25. Aggregate Gradation Requirements eor RCC 



Sieve Designation 


Percentage of material by weight 


26.5 mm 


100 


19.0 mm 


80-100 


9 50 mm 




4.75 mm 


35-60 


600 micron 


10-35 


75 micron 


0-8 



Fly ash: Eventhough roller compacted concrete can be made without using fly ash, use of fly ash in roller compacted concrete 
has many advantages. Details of usage of fly ash usage in roller compacted concrete are given in Chapter 9. 

Water: Water used for mixing and curing of roller compacted concrete shall be clean and free from injurious amounts of oils, 
salts, acid, etc. It shall meet the requirements given in Section 4. 1 2. 

4.14. Materials for Special Pavements 

4.14.1. Concrete block pavement (CBP)/interlocking concrete block pavement (ICBP) :CBP/ICBP 
consists of a surface layer of brick-sized concrete blocks paved on a thin, compacted bedding sand layer of 
specified grading, which is spread over a properly profiled base course and is bounded by edge restraints. The 
joints are sealed with joint filling sand, also of specified grading. The block layer is embedded into the bedding 
sand by vibratory compaction. In CBP rectangular blocks are used which are non-mterlockmg when paved, 
while m ICBP blocks with curved vertical faces are used, which have enhanced interlocking effect when 
paved. Paving quality concrete is used for production of precast blocks and edge restraints. Ordinary Portland 
Cement/Portland Pozzolana Cement/Portland Slag Cement meeting relevant specifications are used as binder. 
Good quality natural coarse and fine aggregates meeting the specification requirements as per IS:383- 1 970 
should be used in concrete. Industrial waste products like fly ash, slag, etc. meeting relevant specifications can 
also be used as additives. Potable water should be used for making concrete mix. Concrete blocks are normally 
produced using properly designed cement concrete mix. However, the blocks so produced should have equivalent 
28-days strength as per design requirements. 

Concrete blocks are produced using properly designed cement concrete mix and using electro-hydrauhcally 
operated Block Making Machines (BMMs), in which heavy metallic moulds are used in combination with 
compaction heads. Different moulds are used for different shapes of blocks. The desired density and strength is 
achieved by vibratory compaction and hydraulic pressing. Fresh blocks are produced on metallic or wooden 
pallets. In the context of rural roads, wherever BMMs are available, the same can be used for production of 
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blocks. Where such infrastructure cannot be arranged, manual or semi-automatic hydraulic presses can be 
utilised for the same. In such cases the choice of block shapes should be based on simplicity in fabrication of 
moulds. Manual or power-driven mixers can be used for preparation of concrete mix. For curing of blocks, 
curing tanks with adequate capacity for holding 2 weeks 1 production of blocks are required. When such facility 
cannot be arranged, curing by wet gunny bags or hessian cloths can be adopted. Blocks produced in BMMs/ 
hydraulic presses should be allowed to self-cure under ambient temperature for 24 hours during mild season 
and 12 to 1 8 hours during summer. After that they should be transferred to curing tanks or stacked in neat rows 
and cured with wet gunny bags/hessian cloths. It is necessary to cure the blocks for 28 days to achieve the full 
strength potential of blocks. However, under inevitable circumstances curing for 14 to 28 days may also be 
allowed. Proper quality control should be exercised in production of blocks, so that they achieve the expected 
strength and durability requirements. The pavement design requirements for CBP/ICBP are given in Chapter 5. 

4.14.2. Stone-sett pavement/brick-on-edge pavement : Stone-sett pavement consists of hard stones 
paved on a bedding sand layer provided over compacted subgrade of base course, bounded by edgestones. 
Locally available hard stones are generally used for the purpose. Irregular quarry stones or stones cut to regular 
sizes can be used, provided the surface evenness requirement is not a precondition. The types of stones normally 
used are granite, basalt, sandstone and limestone. Depending upon the quality of stones used, stone-sett pavement 
can be expected to have a life of 20 years or more. Bnck-on-edge pavement consists of a layer of burnt-clay 
bricks (placed on edge) paved over a thm bedding sand layer provided over compacted subgrade or base course 
in the desired paving pattern, and bounded by edge restraints for which the bricks themselves can be used. High 
quality bricks can be produced by preparing clay with high (20 per cent) lime content, moulding them in steel 
forms and firing at high temperatures. While normal brick pavements can be expected to serve for 10 years, 
pavements constructed with lime-mixed bricks can have a life of upto 20 years. 

4.15. Climatic Suitability of Concrete Materials 

4.15.1. Selection of constituents of concrete : Cement concrete is the major component of semi- 
rigid and rigid pavement and special pavement construction. Concrete is mainly composed of sand and crushed 
rock or other aggregates, held together by a hardened paste of hydraulic cement and water. The ingredients of 
concrete are thoroughly mixed in pre-selected proportions, resulting in a plastic mass which can be cast/moulded 
into a predetermined shape and dimension to construct semi-rigid and rigid pavement for rural roads. Semi- 
rigid and pavement quality concrete and roller compacted concrete pavements are suitable for the regions 
where annual rainfall is more than 1000 mm and soil is very clayey/silty (CBR 2-3 per cent). Depending upon 
the availability of funds, as the semi-rigid or rigid pavements are about 50 to 70 per cent costlier than flexible 
pavements, the choice must be exercised with extreme caution for any extreme condition. 

Further, to reduce the cost of these pavements, fly ash shall be used as replacement of portland cement 
by 10-25 per cent (by weight) in semi-rigid and rigid surface. For use in the wearing course 50 per cent sand 
can be replaced by fly ash (by weight) in semi-rigid pavement construction (either for base/sub-base or wearing 
course), if fly ash is available in a reasonable reach. The use of fly ash shall be guided by IRC:68 and IRC:SP:58. 
The details of such construction are given in Chapter 9. However, it is indicated that use of fly ash in concrete 
is more advantageous in tropical, and and semi-arid environment. Use of fly ash in concrete gives better 
performance than plain conventional concrete in coastal regions where chances of chlorides and sulphates in 
the ground water or soil are more and air temperature is reasonably high. 

Cement is the binding material for most of semi-rigid and rigid pavements. A wide variety of cements 
are available now-a-days, and their suitability in relation to five different exposure conditions is given in 
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IS:456-2000. Minimum amount of cement in concrete and maximum w/c (water/cement) ratio to be adopted 
may also be refered in IS:456-2000. As semi-rigid base course materials such as pozzolamc concrete, lean 
cement concrete, lime fly ash concrete, soil cement etc. can not withstand the attrition and impact due to road 
traffic, a suitable bituminous surfacing/wearing course has to be laid over such base course material. Limits of 
chlorides, sulphate and cement content in the concrete (adopted from IS:456-2000) required for road construction 
is given in Table 4.26. 



Table 4.26. Limits of Chlorides, Sulphate and Cement Content in the Concrete for 
RCCP and Semi-Rigid Pavement (IS:456-2000) 



Type of Concrete 


Cement Content 
kg/cum 


Total Soluble Chloride 
Content in kg/cum 
of concrete 


Total Soluble 
Sulphate Content 
in Concrete 


Minimum Grade 
of Concrete in 
Coastal Region 


Plain concrete 


Maximum= 450** 
Minimum= 
Refer JS:456-2000 


3.0 


4.0* % by mass 
of cement 


M-30 



* Does not apply with SSC (JS.6909-1 990), ** Not including fly ash/slag 

Note: In case of reactive aggregates, use of at least 20 per cent fly ash or at least 50 per cent slag is recommended. 
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Appendix- 4.1 

Mechanical Stabilisation 

Correctly proportioned material (aggregate and soil) can be adequately compacted to form a mechanically 
stable pavement layer. This method is called mechanical stabilisation. Thus the basic principles in this method 
of stabilisation are: a) Proportioning and b) Compaction. If a granular soil containing negligible fines is mixed 
with a certain proportion of binder soil, it is possible to increase the stability. Similarly the stability of a fine- 
grained soil can be considerably improved by mixing a suitable proportion of granular material to get a desired 
gradation. 

Mechanical stabilisation has been successfully applied for sub-base and base course construction. It has 
also been used as a surface course for low cost roads such as village roads when the traffic and rainfall are low. 
The desirable properties of soil aggregate mixtures are strength, incompressibihty, less changes in volume and 
stability with variations in moisture content, good drainage, less frost susceptibility and ease of compaction. It 
is generally believed that the stability of a soil-aggregate mix can be increased by increasing its dry density. 
Hence proportioning of mixes is done to attain maximum dry density . 

The following are the recommended values of the liquid limit and plasticity index for the material passing 
425 micron sieve, to be used for mechanical stabilisation 

Base Course Surface Course 

Liquid limit 25 per cent max. 35 per cent max. 

Plasticity index 6 per cent max. 5 to 10 per cent 

Design of mechanically stabilised mixes 

The factors to be considered in the design of mix are gradation, density, index properties and stability. Of 
these, the gradation is the most important factor. The particle size distribution that gives maximum density is 
generally aimed at. Fuller's formula may be used to obtain the theoretical gradation for maximum density and 

is given by: 

P= 100 (d/D) l/: 

where, P = per cent finer than diameter 'd' (mm) in the material. 

D = diameter of the largest particle, mm 

Combining two materials based on sieve analysis 

A simple method for proportioning two materials to obtain a mix of specified gradation is outlined 
below: 

(i) Column 3, 4 and 5 of Table below, show the details of specification limits for a particular pavement course. 

(ii) Column 2 and 6 in the Table give the particular size distribution of materials A and B which do not satisfy the gradation 
requirement of the specification. 

(iii) The inverse ratio of the totals in columns 1 and 7 gives the proportion of the materials to be mixed to obtain the desired 
mix. 

A:B = 45: 1 39 (1:3) 

(iv) Mixing 25 per cent of the material A and 75 per cent of material B would give the desired gradation as shown in Table 

4.1.1. 
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Table 4.1.1. Mixing of Aggregates for Desired Gradation 



Numerical difference 


Material A 


Sieve size 


Limits 


Average 


Material B 


Numerical 


between material A 


per cent 




per cent 


per cent 


per cent 


difference 


and average per 


passing 




passing 


passing 


passing 


between 


cent passing 












material B 
and average 
per cent 
passing 


1 


2 


3 


4 


5 


6 


7 




100 


40 mm 


100 


100 


100 




8 


98 


20 mm 


80-100 


90 


73 


17 


26 


94 


10 mm 


55-80 


68 


55 


13 


33 


83 


4.75 mm 


40-60 


50 


42 


8 


32 


72 


2.36 mm 


30-50 


40 


35 


5 


33 


55 


600 /u 


15-30 


22 


21 


1 


7 


17 


75// 


5-15 


10 


9 


1 


Total =139 












Total= 45 



Combining two materials based on plasticity properties 

Let there be two soils A and B which are to be mixed to get a soil of required plasticity index P. Determine 
the plasticity index of the two soils. Let these be P A and P B for soil A and soil B. Determine from sieve analysis 
for each soil, the percentage of material passing 425 micron sieve. Let these be S A and S B for the soil A and soil 
B respectively. Then the percentage of soil A in the mix having plasticity index P is given by the relation: 



Material A% 
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CHAPTER 5 
PAVEMENT DESIGN 

5.1. Introduction 

The road structure may be divided into four major components, viz., land, earthwork, pavement and 
cross drainage works. The pavement constitutes nearly one-third to one-half of the total cost of the road. 
Therefore, very careful consideration should be there for the choice of the type of pavement and its design. The 
factors which govern the selection of the type of the pavement are: 

(a) Initial (construction) cost 

(b) Availability of good materials locally 

(c) Cost of maintenance or rehabilitation during service 

(d) Technology of construction required and its availability 

The options available are: (a) flexible pavement, (b) cement concrete pavement, (c) composite pavement 
with semi-rigid base with suitable bituminous surfacing, (d) semi-rigid base with surfacing of inter connected 
concrete paving blocks, and (e) roller compacted concrete. In India most of the roads are with flexible pavement; 
however, the recent trend is of concrete pavement, specially for high density traffic corridors and expressways. 

In case of rural roads, m view of the stage development strategy and the initial cost advantage, the 
flexible pavement may be the appropriate choice. However, in special cases, in short sections or in some rural 
road projects where the ground conditions and material availability may pose restriction for use of flexible 
pavement, the other options like roller compacted concrete, block pavements and composite pavements may be 
cost effective. Generally the choice of pavement will be further guided by several other factors, such as 

(a) Rainfall and temperature 

(b) Type and strength of soil along the alignment 

(c) Availability of good aggregates 

(d) Availability of industrial wastes (like, fly ash, slag, etc.) in the proximity 

Thus, based on the above guiding principles, practically the choice can be exercised by the Engineer 
appropriately to economise in the overall cost of the project without compromising the quality in any manner. 

The importance of pavement design, even for rural roads, cannot be overemphasized. While it appears 
that rural roads will not have traffic intensity or axle loads as compared to higher categories of road, even small 
number of commercial vehicles (or tractor-trolley) with heavy axle loads or iron-tyred animal drawn cart may 
cause heavy damage to an underdesigned pavement. It is due to this single most important reason that a 
considerable length of rural roads built every year using resources of different rural development programmes 
failed prematurely. 

Any design using conventional, marginal or waste material must follow standard procedure based on 
material property, traffic and design life. There are many associated factors like rainfall, ground water table, 
etc. which are also to be taken into account for evolving durable pavement design. In all designs, economy in 
the initial cost as well as in life cycle cost are crucial and very important. These aspects assume extra emphasis 
in case of rural roads. 
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5.2. Design Parameters 

5.2.1. General : The principal criterion for determining the thickness of a flexible pavement with a 
thm bituminous surfacing is the vertical compressive strain on top of the subgrade imposed by a standard axle 
load of magnitude 8. 1 7 kN (8170 kg). Excessive vertical subgrade strain causes permanent deformation in the 
subgrade, which is manifested in the form of rutting on the pavement surface. The maximum rutting that can be 
accepted in village roads may be taken as 50 mm before rehabilitation work is needed. Analytical evaluation of 
performance of other district roads and village roads on the basis of the vertical subgrade strain criterion has 
indicated that the design curves as per IRC:37 are generally valid for the design traffic from 0. 1 million standard 
axles (msa) to 2 msa. However, for design of rural roads, the design charts have to be simple and convenient for 
the grass-root level agencies. Road Note 29 of TRL, IRC:37 and experience in India suggests that the charts 
may be for the traffic in the range upto 450 CVPD. Since subgrade CBR may be as high as 20 per cent, design 
curves are also prepared for subgrade CBR up to 20 per cent. The minimum recommended pavement thickness 
is 150 mm even when design chart gives lower thickness. For rigid and semi-rigid pavements tensile stress is 
taken as the design criteria to prevent fracture of the concrete layer within the design period. In case of 
concrete block pavements, vertical subgrade strain is the critical criterion to limit rut depth due to traffic 
loading. 

5.2.2. Traffic : For the purpose of structural design, only the number of commercial vehicles of laden 
weight 3 tonnes or more should be considered. To obtain a realistic estimate of design traffic, due consideration 
should be' given to the existing traffic and its rate of growth. In case of new construction, anticipated traffic, 
possible changes in the road network and land use of the area served as well as the probable growth of traffic 
over design life are to be carefully accounted for. If adequate data is not available, an average value of 6 per 
cent may be adopted for traffic growth rate. The traffic study for the road may be carried out as per the IRC:9. 

5.2.3. Design life : Design life is usually defined as the number of years until the first major reconstruction 
is anticipated. For unsurfaced roads, aggregates are displaced on either side of the wheel path and frequent 
blading is necessary to maintain a good riding surface. For unsealed/unsurfaced roads aggregates are often lost 
due to traffic action as well as erosion by rains, and the pavements become thinner with time. Material lost 
must be replenished periodically to maintain the ndeability . It is necessary that sufficient thickness is provided 
to prevent rutting failure during the design life due to high vertical subgrade pressure. It is considered appropriate 
that roads in rural areas should be designed for a design life of 10 years. The thin bituminous surfacing that is 
commonly provided on the low volume roads has a life of about 5 years. 

5.2.4. Computation of design traffic : The design traffic is considered in terms of the future traffic 
to be carried during the design life of the road. Its computation involves estimates of the initial volume of 
commercial vehicles per day, traffic growth rate and design life in years. In case of rural roads the commercial 
vehicles will be trucks (small and big), buses and tractor-trolley. The traffic for the design life is computed as: 

Where A = P ( ] + r ) n+x 

A = Number of commercial vehicles per day for design 
P = Number of commercial vehicles per day at last count 
r = Annual growth rate of commercial traffic 

/; = Number of years between the last count and the year of completion of construction 
.V = design life in years 

Since the width of rural roads will be single lane, design traffic should be based on total number of 
commercial vehicles per day in both directions. Bullock carts with iron rims are still in use in different parts of 
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the country and the total weight including the pay load of a bullock cart may range from 1.0 tonne to 1.5 
tonnes. Though the designed pavement as a whole will be safe from shear failure, the iron rims damage the top 
layer of the pavement because of high concentration of stress. Thus the wearing course must be made up of 
good quality aggregates with aggregate impact value not exceeding 30 per cent to reduce degradation of the 
aggregates by crushing. 

5.3. Pavements Compont.-cs 

5.3.1. Subgrade : In rural roads, the top 30 cm of the cutting or embankment at the formation level 
shall be considered as subgrade. The subgrade, whether in cut or fill, should be well compacted to utilise its 
inherent strength and prevent permanent deformation because of additional compaction by traffic. A minimum 
of 100 per cent of Standard Proctor compaction should be attained in the top 30 cm of the subgrade. For clayey 
soil, the minimum compaction for subgrade should be 95 per cent of Standard Proctor compaction and the 
compaction should be done at moisture content 2 per cent in excess of the optimum value. For embankments, 
the soil below 30 cm of subgrade shall be compacted to minimum 97 per cent of Standard Proctor compaction 
[IS:2720 (Part 7)- 1980]. For pavement design, the subgrade strength should be determined in terms of CBR at 
the most critical moisture conditions likely to occur. The CBR test should be conducted on remoulded samples 
prepared at optimum moisture content and dry density corresponding to Standard Proctor compaction [(IS:2720 
(Part 7)- 1980] and soaked in water for four days prior to testing. If the annual rainfall is of the order of 500 mm 
or less and the water table is too deep, soaking for four days may not be necessary. 

One or two CBR tests should be done per kilometre depending on the variation of soil type. If there is no 
variation in soil type, mean CBR value should be adopted for the design of pavements. In case of existing roads 
requiring strengthening, the soil should be moulded at the existing moisture content and field density, and 
soaked for four days prior to testing foi CBR. 

Where the CBR of the subgrade is less than 2 per cent a capping layer of 100 mm thickness of material 
with a minimum CBR of 10 per cent is to be provided in addition to the sub-base required for CBR of 2 per 
cent. If the subgrade CBR is more than 15 per cent, there is no need to provide a sub-base. WBM base can be 
laid directly over the subgrade after providing a drainage layer (inverted choke). 

5.3.2. Sub-base : Sub-base is a layer of selected material placed on the subgrade compacted to 98 per 
cent of the IS heavy compaction. Generally it consists of locally available, relatively low strength inexpensive 
material. The principal function of the sub-base is to distribute the stresses over a wide area of the subgrade 
imposed by traffic and to ensure that no subgrade material intrude into the base course and vise versa. There are 
a large number of locally available aggregates and industrial waste materials that can be utilised for sub-bases 
of pavements. These are discussed in Chapters 4 and 9. 

The sub-base material should have minimum soaked CBR of 15 per cent. Material component of sub- 
base passing 425 micron IS sieve when tested in accordance with [IS:2720 (Part 5)-1985] should have liquid 
limit and plasticity index not more than 25 and 6 respectively. These requirements should be enforced to 
achieve desired quality. 

When the subgrade is silty or ciayey soil and the annual rainfall of the area is more than 1000 mm, a 
drainage layer of 100 mm over the entire formation width should be provided conforming to the gradation 
given in Chapter 6. This layer will form a part of the designed thickness of sub-base. 

5.3.3. Base : The base course materials should be of good quality so as to withstand high stress 
concentrations which develop immediately under the wearing surface. Since bituminous surfacing consists 
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only of a thin wearing course, the upper surface of the base must be sufficiently smooth and true to profile to 
provide a good riding surface. The different types of base course which are commonly used are: 

(a) Water Bound Macadam (WBM) 

(b) Crusher-Run Macadam 

(c) Dry Lean Concrete 

(d) Soft Aggregate Base Course 

(e) Lime-Fly Ash Concrete 

Thickness deduced from the design charts are appropriate to pavements with unbound granular bases 
which comprise of conventional WBM or any other equivalent granular construction. For cement treated or 
stabilised materials, thorough laboratory investigations are necessary and the pavement design can be done 
using analytical method. In some situations where good quality aggregates are not available, cement treated 
low grade aggregates or soils may also be used. Appropriate agency may be approached for laboratory 
investigations and design. 

It is recommended that normally no material with CBR value less than 100 per cent should be used in 
base courses. Since base course will be affected by water, their strength should be determined in soaked condition. 
Where a substantial part of the base material consists of particfes larger than 2Q mm size, the CBR test will not 
be applicable and their strength will have to be estimated from experience. WBM of adequate thickness over a 
properly designed sub-base will be assumed to satisfy the CBR requirements of 100 per cent. The design of 
base courses of different types are given in subsequent Sections. 

5.3.4. Pavement surface : Pavement can be with a sealed or unsealed surface. The unsealed surface 
means a granular surface where percolation of water into the pavement layers is possible, whereas in sealed 
surface it is prevented by appropriate surfacing layer. Details of the design or choice of surfacing are given in 
Section 5.4.2. 

5.4. Design of Flexible Pavement 

5.4.1. Pavement thickness : The thickness ofpavement is designed on the basis of projected number 
of commercial vehicles for the design life using the current commercial vehicles per day and its growth rate. 
Further, it requires the subgrade strength value in terms of CBR. It is expected that rural road will not have 
more than 450 CVPD in any case. The design chart given in Fig. 5.1 may be referred to obtain the total 
pavement crust thickness (granular crust thickness) required over the subgrade for the design life of the pavement. 
Based on the strength of granular materials that are used, the total design thickness is divided into base and 
sub-base thicknesses. However, any other higher type of bituminous layer can be part of the designed thickness, 
with the exception of thin bituminous surfacmgs (PMC, MSS, etc.). In case of rural roads, with low volume of 
traffic, structural layer of bituminous mix need not be provided, generally except in very special cases where 
the traffic volume is so high that the design suggests it. 

For the convenience of engineers the whole range of traffic and CBR that exist for rural roads in various 
States of the country have been considered and flexible pavement thickness catalogues are given in Figs. 5.2, 
5.3 and 5.4 for ready reference. A worked out example for design of flexible pavement for rural road is given 
in section 5.4.3. 

5.4.2. Surfacing : A gravel road or WBM layer can serve adequately as a surfacing depending on 
traffic volume. However, it is to be clearly understood that granular materials (like, soil-gravel mixture) will be 
lost gradually by traffic action and thickness will be reduced. Therefore, for gravel roads extra thickness should 
be provided. Further, for similar reasons, only WBM Grade-Ill should be used as a surfacing course for an 
unsealed WBM road. Other granular surfacmgs, like, Moorum, Kankar, etc. will have to be bladed as and when 
required to provide smooth riding surface. 
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Fig. 5.2. Thickness of Crust Required for Different Traffic (CBR 2 to 4) 
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Fig. 5.4. Thickness of Crust Required for Different Traffic (C BR 10 to 20) 



The bituminous wearing course will generally consist of premix carpet with seal coat or two coat surface 
dressing laid over WBM base course or other type of bases. Bituminous wearing course must be made up of 
good quality aggregates v/ith aggregate impact value not exceeding 30 per cent in order to reduce degradation 
of the aggregates by crushing. Use of bituminous emulsion for such work may give good surfacing because of 
processing of material at ambient temperature. Maintaining the right mixing temperature of the hot mix is not 
easy when the dampness of aggregates stacked at the sites varies. Based on the total motorised traffic and 
rainfall, an appropriate surface course can be chosen from Table 5.1 . 
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Table. 5.1. Guidelines on Surfacing for Rural Road 



S 

1 

3 

s 

'3 



s 

< 



1500+ 
1000-1500 

500-1000 

0-500 



Thin Bituminous 
Surfacing 
(2-Coat S.D.) 


Bituminous 
Surfacing 

(PMC + Seal Coat) 


Bituminous 

Surfacing 

(PMC + Seal Coat) 


Single Coat 
Surface Dressing 


Thin Bituminous 

Surfacing 

(2-CoatS.D.) 


Bitumouns 
Surfacing (PMC+ 
Seal Coat) 


Unsealed Surface 
(Gravel Road) 


Single Coat 
Surface Dressing 


Thin Bituminous 
Surfacing 
(2-Coat S.D.) 


Unsealed Surface 
(Gravel Road) 


Unsealed Surface 
(Gravel Road) 


Thin Bibtuminous 
Surfacing 
(2-Coat S.D.) 



0-50 50-150 150+ 

Motorised Traffic (Except 2-Wjieeler) Per Day 

Note: S.D. = Surface Dressing 
PMC = Premix Carpet 

5.4.3. Worked out Example : A pavement is to be designed for a subgrade CBR of 4 per cent, with 
an initial traffic of 70 motorised vehicles per day (except 2-wheelers) in both direction of which commercial 
vehicle is 30 CVPD, with a growth rate of 6 per cent per annum for a location having annual rainfall of 1200 
mm. The design life is 10 years. Determine the pavement thickness. 

Initial traffic in both direction : 30 CVPD. Using equation given in Section 5.2.4. 

Design Traffic =30*(l+.06)'° 
= 54 CVPD 

Designed pavement crust thickness : 405 mm (refer Fig 5.1 ) 
Provide : Sub-base 260 mm 

Base course 1 50 mm 
Sub-base : Layer 1 : 1 00 mm 

Layer 2: 160 mm 

Base Course : Layer 2: WBM Grade 2 = 75 mm 

Layer 3: WBM Grade 3 = 75 mm 
Surfacing : 2 Coat Surface Dressing (from Table 5.1 for projected 125 veh/day motorised 

traffic in design year and 1200 mm rainfall) 

The designed cross-section of the pavement is shown in Fig. 5.5. 
5.5. Design of Semi-Rigid Pavement 

5.5.1. General : Semi-rigid materials have modulus of elasticity less than pavement quality concrete 
(rigid pavement material), but more than bituminous materials. The flexural strength of semi-rigid materials is 
generally between 1 .0 to 1 .2 MPa. These materials are used as base course under flexible or rigid pavements. In 
case of rural roads, 20 mm thick bituminous layer of premix carpet with seal coat or 20 mm thick mix seal 
surfacing or surface dressing may be applied over the semi-rigid base as the abrasion resistance of semi-rigid 
materials is very less as compared to pavement quality materials. The 28-days compressive strength of semi- 
rigid material varies from 5 to 10 MPa. These materials have better capability of load distribution and more 
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flexural rigidity than WBM. Therefore, these are suitable for heavy rainfall areas or where soil is very weak. In 
areas where good quality aggregates are not available, DLC made from pit-run gravel, river gravel and other 
low grade aggregate may provide an economical solution. Commonly used semi-rigid materials are dry lean 
concrete, lime-fly ash concrete and other cementitious materials. The maximum single layer thickness of DLC 
to be compacted should be 100 mm. 



Surface Course 




( All dimensions in mm, Not to scale) 
Fig. 5.5. Designed Cross-Section of Road as per Worked out Example in Section 5.4.3 



5.5.2. Dry lean concrete base : Dry lean concrete base is subjected to flexural fatigue under traffic 
loading. Design charts of semi-rigid bases for different subgrade CBR and various traffic levels are shown in 
Fig. 5.6. A granular sub-base, 100 to 150 mm thickness to full width of formation should be laid below the 
cement bound layer to provide a working platform and also to act as a drainage/filter layer. The DLC is likely 
to be eroded under traffic and requires bituminous wearing course of premix carpet with seal coat or two coat 
surface dressing. 
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Fig. 5.6. Design Chart for Dry Lean Concrete/Cementitious Semi-Rigid Base 
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Worked out Example 

A pavement is to be constructed in an area where only pit-run gravel is available at a low cost. Design 
data is the same as in the worked out example in Section 5.4.3. A mix consisting of cement, sand and aggregates 
in the ratio of 1:6:12 has a 28-days flexural strength of 1.1 MPa. 

Design traffic (projected) = 54 CVPD 
For subgrade CBR = 4 

From Fig. 5 .6, thickness of cement treated base = 285 mm 

The pavement section will consist of a thm bituminous wearing course and 285 mm cement treated base 
over 100 mm of drainage/filter layer. 

5.5.3. Lime-fly ash concrete and other cementitious bases : In areas close to thermal power 
plants where fly ash is available in plenty, fly ash stabilised bases can give a low cost pavement. Pozzolanic 
materials are known for their durability. They gam in strength with time. Various properties of different types 
of fly ash aggregate mixtures are given in Chapter 9. Combinations which give flexural strength higher than 
1 .0 MPa may be used. Lime-rice-husk-ash mixtures as described therein may also be used. Marginal aggregates 
can also be used in these mixes. These types of base courses require a drainage layer below it. A bituminous 
wearing course is necessary to prevent erosion of the stabilised bases. Compaction shall be done till the density 
achieved is at least 98 percent of the maximum dry density as per IS:2720 (Part 8)- 1983. Method of construction 
of these fly ash bases and their curing shall be as per the requirements specified in Chapter 9. The design chart 
given in Fig. 5.6 can be used to design the thickness of lime fly ash concrete. A wearing course of premix carpet 
with seal coat or surface dressing shall be provided on such bases. 

5.6. Design of Rigid Pavement 

5.6.1. Cement concrete pavement : Design of cement concrete pavement shall be as per IRC:58 
and construction including detailing of joints shall be as per IRC: 15. Strict quality control shall be exercised 
during construction. Cement concrete pavement may be used in special cases only where drainage problem is 
acute and continuous. In cases of deficient design and construction, their design life is likely to be greatly 
affected. The cement concrete pavement may be used in limited length within the village portion. However, 
drainage arrangements should be ensured even for concrete pavement. 

5.6.2. Roller compacted concrete pavement (RCCP) : RCCP is a technique which makes use of 
laying zero slump concrete manually and compacting with vibratory or static road roller of 8- 1 0 tonnes capacity. 

RCCP may be used in areas where there is drainage problem. These roads must be constructed under 
strict supervision and quality control. In cases of deficient design and construction, their design life is likely to 
be greatly affected. Construction of RCCP is a faster technique than the construction of plain cement concrete 
using conventional method of compaction, i.e., screed vibrator/needle vibrator. 

The mix design shall be based on flexural strength. Flexural strength achieved usually exceed those for 
conventional concrete with similar cement contents. Flexural strengths of even 4.5 MPa can be achieved. 
Initial rate of strength gam of RCC may be slower when compared to the same mix of plain cement concrete. 
Consequently, designs based on more than 28 days strengths would be appropriate depending on the available 
lead time prior to opening to traffic. While designing the mix in the laboratory, correlation between flexural 
and compressive strengths of concrete shall be established on the basis of tests on samples for use at a later date 
to verify the in-situ flexural strength of RCC though testing on cores. Considering the variations in the field. 
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the laboratory mix shall be designed for atleast 1.25 times the required 28 days field strength. Laboratory mix 
design can be carried out as per IRC:44. Due to low water content of RCC, amount of fines required is more 
than normal concrete. This helps to reduce segregation. The fines are typically supplied by fly ash. An 
additional benefit is gained from the pozzolanic property of fly ash, which contributes to strength of RCC. 
Generally the fly ash content in RCC pavements has been upto 25 per cent of total cementitious ingredients, 
with typical contents being about 15-20 per cent. 

The concrete used in RCC work would be usually having zero slump. Modified Proctor compaction test 
can be used for determining the optimum moisture content for compaction or trials may be made with RCC to 
have optimum strength. This test would also indicate maximum achievable density of the mixture, against 
which field densities can be compared. The right amount of water for the RCC pavement work shall be decided 
for ensuring full compaction. Excess water will cause the concrete to heave in front of the roller wheels, 
resulting in uneven compacted surface while too little water will lead to inadequate compaction, low in-situ 
strength and an open textured surface. The optimum water content, as determined in laboratory trials, shall be 
adjusted during construction at field by trial rolling a small stretch. The variations in water content in the mix 
shall be + 1 per cent from the specified value. 

The design of RCCP and DLC (which is almost similar to RCCP except for strength of concrete) 
are based on IRC:58. Construction of RCCP shall be as per IRC: 15. The mam difference in construction using 
pavement quality concrete (conventional concrete pavement) and RCCP is of compaction and making of joints. 
In RCCP, the compaction of zero slump concrete is done by road roller of 8-10 tonnes capacity. The methodology 
for construction, design, placing, curing are the same as compared to conventional concrete pavement. The 
slump of concrete is always kept as minimum as possible so the RCCP can take the load of moving roller even 
during construction. A worked out example of RCCP is given in Appendix-5.1. 

5.7. Design of Special Pavements 

5.7.1. Concrete block pavement/interlocking concrete block pavement (CBP/ICBP) : The general 
features and requirements of CBP/ICBP are given in Chapter 4. The concrete mix for production of blocks 
shall be properly designed. M-30 or higher grade concrete shall be used for production of blocks meant for 
paving roads carrying traffic. For non-traffic areas like footpaths, 60 mm thick blocks using M-25 or higher 
grade concrete may be used. For convenience in design of mix, one or two ready mixes can be used by trial and 
error method. For precast edge restraints, M-25 or higher grade concrete shall be used. A typical dimension of 
precast edge restraint is 150 x 150 x 300 mm. The top surface area of blocks shall ideally be in the range 200- 
500 cm 2 . The breadth-to-length ratio for rectangular blocks may be 1 :2. Rectangular blocks should have length 
in the range of 200 to 220 mm and^width in the range of 100 to 110 mm. The colour of the blocks can be natural 
cement colour, or special colours can be effected by using organic or inorganic pigments. This technique will 
give a distinct and beautiful look to the paved area. The thickness of blocks for use in trafficked areas shall be 
80 mm. 

The thickness of granular base course for CBP/ICBP can be obtained from Fig. 5.7. Cement treated 
marginal aggregates may also be used as a base course, the thickness of which shall be 67 per cent of the 
granular base course required. Lime-fly ash bound macadam and lime-fly ash concrete may also be used as 
base layer, the thickness of which also shall be 67 per cent of the base course. Minimum thickness of base 
course shall be 100 mm. A good drainage layer must be provided over the compacted subgrade for satisfactory 
performance of CBP/ICBP. 
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Worked out example 

Design of CBP/ICBP for the data in the worked out example in Section 5.4.3. 

Design traffic (projected): 54 CVPD 

From Fig- 5.7, thickness of granular base layer = 250 mm 

Hence provide 100 of granular drainage/filter layer, and 150 mm WBM Grade-Ill in two .ayer, 
thickness of bedding sand shall be 30 mm. 




50 



90 130 170 

Projected Commercial Vehicles/Day 

Fig. 5.7. Design Chart for Granular Base for CBP/ICBP 
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Table 5.2. Recommended Gradings for Bedding and Joint Filling Sand 



I Q Cim/A C17P /mm\ 


Per Cent Passing 


Zone-II (IS:383-1970) 


Zone-lV(IS:383-1970) 




(For Bedding Sand) 


(For Joint Filling Sand) 


10.00 


100 


100 


4.75 


90-100 


95-100 


2.36 


75-100 


95-100 


1.18 


55-90 


90-100 


0.60 


35-59 


80-100 


0.30 


8-30 


15-50 


0.15 


0-10 


0-15 


0.075 


0-3 


0-5 



5.7.2. Stone-sett pavement/brick-on-edge pavement : For stone-sett/bnck-on-edge pavement, 
stones cut to regular sizes should normally have dimensions of 100 to 150 mm diameter and 90 to 100 mm 
thickness. Cobblestones available from river beds can also be used for paving. The type of stones normally 
used are granite, basalt, sandstone and limestone. For brick pavement, burnt clay bncks or bricks having minimum 
28 days compressive strength of 7 MPa can be used. Bricks are laid on edge over bedding sand. The stones/ 
bricks themselves can be used as edge restraints. Stone sett/bnck-on-edge pavement as surfacing layer shall be 
used only for areas having very poor drainage and pedestrian pathways. 

5.8. Drainage and Shoulders 

The performance of a pavement can be seriously affected if internal drainage measures (sub-surface 
drainage) to prevent accumulation of moisture in the pavement structure are not provided, particularly when 
rainfall is more than 1000 mm per annum. Though elaborate drainage measures are not warranted for low 
traffic volume, it is advisable to provide a drainage layer of dust-free coarse to medium sand of 100 mm to 150 
mm thickness over the subgrade if the subgrade is clayey (and impermeable) particularly in areas having 
higher rainfall (more than 1000 mm), as illustrated in Fig. 5.8. The washed coarse to medium sands have 
permeability values in the range of 10" 2 to 10~ 4 centimeter per second respectively. Crushed aggregates, Jhama 
bricks or crushed gravels as per typical grading given in Chapter 6 may also be used as a drainage layer. 
Particles finer than 0.075 mm should be less than 5 per cent to ensure adequate permeability. 




Aggregate 
Filter 



Drainage Layer of Dust Free Coarse Subgraa 1 
to Medium Sand 

Fig. 5.8. Drainage Layer of Pavement on Clayey Subgrade 



Earthen shoulder shall be compacted to density not less than 100 per cent of laboratory dry density, 
adopting Standard Proctor compaction [IS:2720 (Part 7)- 1980]. Maximum laboratory dry unit weight of the 
material for the shoulder shall not be less than 16.5 kN/m 3 . Plasticity Index and Liquid Limit shall not exceed 
6 and 25 respectively. 
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Appendix-5. 1 



Worked Out Example of Roller Compacted Concrete Pavement (RCCP) 



Criteria and Design stipulation Tor RCCP over 15 cm thick WBM is that flexural strength to be 
achieved at 28 days should be not less than 40 kg/cm 2 (4 MPa) 



(i) Traffic, T = P(l+r) n+2 ° 

(ii) Design wheel load : 

(iii) Tyre pressure : 

(iv) Design flexural strength of 
concrete for RCCP : 

(v) Poisson's ratio of concrete, u : 

(vi) Modulus of elasticity of concrete, E 

(vii) Subgrade CBR value: 

(viii) Corresponding K value: 

(ix) Base course, compacted WBM 

(x) Modulus of subgrade reaction, K : 

(xi) Width of pavement 

Design of thickness 

Start with Trial thickness : 
Radius of relative stiffness, 1 : 

Radius of contact area, a : 
Ratio a/h : 

Radius of resisting section, b : 

Edge Temperature Stress, a Tec 

Designing the pavement for Delhi region 

a = Coefficient of thermal expansion of concrete 

d = Maximum temperature differential during 

24 hours between top and bottom of slab 
CL= CW = C= Bradbury's coefficient 
Providing dummy contraction joint spacing 
Lane width, w 
L/l = 375/87.71 
B/l = 400/87.71 
From IRC:58. 



50-100 commercial vehicles/day 
5100 kg 

7 kg/cm 2 (0.7 MPa) 
40 kg/cm 2 (4 MPa) 

0,15 

3xl0 5 kg/cm 2 (3xl0 4 MPa) 
4 per cent 

3.46 kg/cm 3 (34.6 MN/m 3 ) 

(7.5 +7.5 cm)= 15 cm 

or dry lean concrete of 10 cm thickness 

4.36 kg/cm 3 (43.6 MN/m 3 ) 
3.75 m 



23 cm 

[3x1 0 5 x23 3 /l 2x4.36 (1-0.1 5 2 )] 0 25 
= 87.71 cm 

15.02 cm 

15.02/23 = 0.65<1. 724, so 

(1.6 x 15.02 2 + 23 2 ) 05 -0.675 x 23 

= 14.30 cm 

= (E x a x dt x C)/2 

= 10xlO- 6 per°C 
= 13.82 °C 

= 450 cm c/c 
= 375 cm 
= 4.27 
= 4.56 
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C = 0.75 

Temperature (Warping stress), a te = (3x10 s x lOxlO" 6 x 13.82 x 0.75)/2 

= 15.54 kg/cm 2 (1.554 MPa) 
Residual strength = 40- 15.54 

= 24.46 kg/cm 2 (2.446 MPa) 
Calculation of Edge Wheel Load Stress 
cr ie = (0.529 P/h 2 ) (1+0.54 u) [4 log |0 (l/b)+ log |0 b-0.4048] 
= (0.529 x 5100/23 2 ) (1+0.54x0.15) [4 log |0 (87.71/14.30) + log, 0 14.30 - 0.4048] 
= 21.50 kg/sq.cm 

Factor of safety = Residual strength/Edge load stress 
= 24.46/21.50 
= 1.13 >1 

Hence, the design is safe for RCCP of thickness of 23 cm. 

Check for Corner Load Stress 

3 P [1- (ax 1.414) l2 ] 

S = 

c h 2 1 

= (3 x 5100/23 2 ) [1-(21.24/87.71) 1 2 ] 

= 23.6 kg/sq.cm < 40 kg/sq.cm, so design is safe. 
Thickness adjustment for future traffic 
Design life of the pavement = 20 years 

Design traffic intensity at the end of design life in commercial vehicles per day: 
T = P (l+r) n 

P is the traffic intensity at last traffic count = 50-100 CVPD 

Annual rate of increase of traffic = 6.0 per cent 

T = 50O+0.060) 20 = 160 to 320 CVPD 

Pavement thickness adjustment factor, h , may be taken as = 1 cm 

Therefore, final pavement thickness = 23 - 1 = 22 cm 

Contraction joints in RCCP may be provided as per IRC: 15, (but dowel bars are not required at contraction 
joints) after an interval of 4 to 10 m centre-to-centre upto a depth of 4 to 5 cm and width 6 to 8 mm. Expansion 
■joints may be provided by providing a wooden board or ply board for full depth after an interval of 50 m centre- 
to-centre but without dowel. 
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CHAPTER 6 
ROAD DRAINAGE 

6.1. Introduction 

The main objective of drainage is to prevent early damage of the pavement due to entry of excess of 
water and preventing saturation upto a depth of 1 meter below the top of the subgrade. This can be achieved by 
proper design of the pavement which includes effective drainage system. An adequate drainage design includes 
the control of rain or surface flow and also the underground seepage or water held by capillary action (soil 
suction). 

Various types of damages arising due to inadequate drainage are: 

Considerable reduction in the bearing capacity of subgrade soil due to excess of moisture, resulting in premature failure 
of pavement. 

Pavement failures like potholes, rutting, waviness and corrugation in flexible pavement. 

Reduction in strength of many pavement materials, like, stabilised soil and water bound macadam due to increase of 
moisture content. 

Damages to shoulder and pavement edges from surface water. 

Considerable erosion of the soil from the substrata, slopes of embankment, cut and hillside due to surface water. 

Therefore, an adequate drainage is required for maintaining the structural and functional adequacy of the 
road. In India, unfortunately not as much attention is being paid to drainage, as it deserves, with obvious 
dangerous consequences. It has been conclusively established that if drainage of the pavement is improved, the 
cost of the maintenance/repair goes down considerably. It is estimated that cost of drainage measures works 
out to 3 to 5 per cent of the total cost of the construction. This small investment for drainage provisions at the 
initial stage pays rich dividend in the service period. Providing drainage measure at latter stage is both difficult 
and expensive, and therefore, proper provisions for adequate drainage should be made at the initial construction 
stage itself. 

6.2. Types of Road Drainage 

The road drainage woks may be broadly classified as under: 

(i) interception and drainage of surface water (Surface Drainage) 

(ii) Interception and rapid removal of seepage or subsurface water (Sub-surface Drainage) 

These guidelines deal with drainage of rural roads running through plain, rolling and hilly terrains. The 
aspects covered are influence of alignment and geometric of the road, surface drainage, sub-surface drainage 
and internal drainage of pavement structures. For rainfall less than 500 mm per annum, no internal drainage of 
pavement is required. It may be noted that some aspects of hill road drainage are also covered for the details of 
which relevant IRC specifications/guidelines may be referred. Moreover, detailed design and specifications on 
CD works have been presented in Chapter 7. 

6.3. General Criteria for Road Drainage 

Alignment of Road : The alignment of road has vital influence on the problem of drainage. The ideal 
alignment should avoid steep and heavy cut/ fill, as these locations are vulnerable to drainage problems. 

Embankment Height : The road subgrade level in fill section is to be fixed so that the difference 
between formation level and highest water table/high flood level is not less than 0.6 meter, and between formation 
level and ground level not less than 1 .0 meter. 



110 



IRC:SP:20-2002 



6.4. System of Drainage , 

In general the road drainage is catered by both surface and sub-surface drainage systems, for which a 
survey and field investigation should be carried out. It may include: 

(i) Preparation of alignment plan, longitudinal section, contour map 

(ii) Hydrological data, such as, rainfall and estimation of runoff 

(iii) Hydrographical survey 

(iv) Geotechnical investigation 

6.5. Surface Drainage System 

The fast disposal of runoff on the road surface is achieved by surface drains or roadside drains or catch 
water drains. 

6.5.1. Geometric design of road : Providing camber on one side or both sides, proper slope to the 
shoulder and providing requisite longitudinal gradients, etc. disposes water from road surface. 

6.5.1.1. Longitudinal gradient : The longitudinal gradient serves the natural means for drainage of 
rainwater collected over the road surface. Internal drainage through granular layers needs, a longitudinal gradient 
of 0.3 per cent for its effectiveness. 

6.5.1.2. Pavement cross slope/camber : If a road is to perform adequately, care must be taken to 
remove the surface runoff by suitable cross falls, which will be helpful in minimizing ponding of the water. 
Therefore, higher than minimum cross fall/camber should be adopted where possible by the following means: 

Cross fall or camber may be made to slope on one side in case of hilly areas to drain the surface water on the carriageway 
towards the hillsides where the gutters on both sides are not feasible. 

When the road is on a gradient, it is desirable that the camber should not be less than 50 per cent of the longitudinal gradient 
subject to minimum of specified camber. This is essential to ensure the surface water to reach the shoulders quickly. 

Recommended camber or cross slope on straight section of roads is given m Table 6.1 . 



Table 6.1. Cross Slope/Camber eor Different Surface Types 



Surface Type 


Camber (per cent) 


Annual Rainfall 
(less than 1000 mm) 


Annual Rainfall 
(more than 1000 mm) 


Earth 


4.0 


5.0 


W.B.M. and Gravel 


3.5 


4.0 


Thin Bituminous Surface 


3.0 


3.5 


Rigid Surface 


2.0 


2.5 



6.5.2. Surface drains : The water from road and adjacent area shall be collected and lead away to 
natural out falls. This is achieved by surface drains: 



(i) Drain along the side of the road (gutter) 

(ii) System of suitable drains, such as, shoulder drains 

(iii) Deep catch water surface drain on the hillside 

6.5.2.1. Road side drains : The function of roadside drain is to collect surface water from the roadway 
and lead it to an outlet. Another function of roadside ditches is to dram out the base course of the roadway 
structure so as to prevent its saturation and consequent loss in load bearing capacity as illustrated in Fig. 6.1 . In 
absence of properly designed roadside ditches, the surface water from the roadway, as well as water collected 
from cut slopes accumulates, causing serious damage by erosion to the roadway, as well as formation slopes. 
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500 mm 



(a) Typical Cross-Section of Side Drain in Soil 





(b) Function of Side Drains 
Fig. 6.1. Cross-Section and Function of Side Drains 

The side drains are designed on the principles of open channel flow, and generally provided on both 
sides of the road. In case of hilly terrain, side drains on hillside are made when road is built in cut section. They 
should be provided below the subgrade of the road. 

Roadside drains in hilly terrain are constructed to parabolic (saucer shape), trapezoidal, triangular, V- 
shape, kerb and channel or U-shaped cross-sections. The parabolic section is hydraulically the best and most 
erosion resistant. However, the trapezoidal section is easier to construct and is generally adopted. U-shaped 
drains are generally deep drains and are provided where higher discharge has to be catered and road width is 
available. Extra width will be available when kerb and channel drains are provided. Details of various types of 
side drains are shown in Figs. 6.2 and 6.3. 
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ROAD SURFACE 



STONE PITCHING 



( a ) V - SHAPED DRAIN 




( b ) PARABOLIC OR SAUCER TYPE DRAIN 




Fig. 6.2. Side Drains 
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EDGE STONE GUIDE 




STONE PITCHING OR 
R.FLMASONAKY 15 /20 cm 



( e ) U - SHAPED DRAIN 




STONE PITCHING 



(f) TRIANGULAR DRAIN 



15 cm 

(g) KERB AND CHANNEL DRAIN 



ROAD SURFACE 




Fig. 6.3. Side Drains 
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The lining of side gutters is a costly proposition, and therefore, judicious selection of the type of lining is 
very essential. It is more cost effective and desirable to provide bigger size gutter (section) than any lining. 
Bigger section reduces damages to the pavement and also reduces the maintenance liabilities. 

To estimate the runoff at a given location, the Rational formula relating rainfall to runoff is used for 
catchment areas not exceeding 50 sq.kg. The formula states that: 

I 

Q = 0.028 PA I c 

Where 

Q = Discharge (Peak runoff) in cum/sec 

P = Coefficient of runoff for the catchment characteristics- _ _.._,.! 

A . = Area of catchment in hectares from toposheet 

I c = Critical Intensity of rainfall in cm per hour for the selected frequency and for the 

duration equal to the time of concentration 

The coefficient of runoff for different surfaces is provided in Table 6.2. 

Table 6.2. Suggested Values of Coefficient of Run-Off 



SI. 
No. 


Description of Surface 


Coefficient 
of runoff (P) 


1. 


Steep bare rock and watertight pavement surface (concrete or bitumen) 


0.90 


2. 


Steep rock with some vegetative cover 


0.80 


3. 


Plateau areas with light vegetative cover 


0.70 


4. 


Bare stiff clayey soils (Impervious soils) 


0.60 


5. 


Stiff clayey soils (impervious soils) with vegetative cover and uneven paved road surfaces 


0.50 


6. 


Loam lightly cultivated or covered and macadam or gravel roads 


0.40 


7. 


Loam largely cultivated or turfed 


0.30 


8. 


Sandy soils, light growth, parks, gardens, lawns and meadows 


0.20 


9. 


Sandy soil covered with heavy bush or wooded/forested areas 


0.10 



The selection of roadside drain is based on magnitude and duration of flow. The hydrological data 
required for design of gutter are drainage area, water shed delineation, direction of flow, location of outfalls, 
ditches, other surface drainage facilities, ground surface condition, rainfall and flood frequencies. The roadside 
drains are designed on the principle of flow in open channel based on Manning's formula which states that: 



Q = AV 

where V = (l/n)R 2/3 S 1/2 , 

and 

Q = Discharge in cum/sec 

V = Mean Velocity in m/sec 

n = Manning's Roughness coefficient 

R = Hydraulic radius in m which is area of flow cross-section divided by wetted perimeter 

S = Energy slope of the channel, which is roughly taken as slope of drain bed 

A = Area of the flow cross-section in m 2 

The value of Manning's coefficient and permissible velocity of flow to prevent erosion are given in 
Table 6.3. 
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Table 6.3. Manning's 'n' and Maximum Permissible Velocity of Flow 



SI. No. 


Ditch Lining 


Manning's 'n' 


Permissible Velocity m/sec 


Natural 


Earth Drain 






A. 


Without Vegetation 








(i) Rock 








(a) Smooth & Uniform 


0.035-0.040 


6.0 




(b) Jagged & Irregular 


0.04-0.045 


4.5-5.5 




(ii) Soils (Extended Casagrande classification) 








GW 


0.022-0.024 


1.8-2.1 




GP 


0.023-0.026 


2.1-2.4 




GC 


0.020-0.026 


1.5-2.1 




GF 


0.024-0.026 


1.5-2.1 




SW 


0.020-0.024 


0.3-0.6 




SP 


0.022-0.024 


0.3-0.6 




sc 


0.020-0.023 


0.6-0.9 




SF 


0.023-0.025 


0.9-1.2 




CL&CT 


0.022-0.024 


0.6-0.9 




MI & ML 


0.023-0.024 


0.9-1.2 




OL&OI 


0.022-0.024 


0.6-0.9 




CH 


0.022-0.023 


0.6-0.9 




MH 


0.023-0.024 


0.9-1.5 




OH 


0.022-0.024 


0.6-0.9 




Pt 


0.022-0.025 


0.6-0.9 


B. 


With Vegetation 








(i) Average turf 








(a) Erosion resistant soil 


0.050-0.070 


1.2-1.5 




(b) Easily erode soil 


0.030-0.050 


0.9-1.2 




(ii) Dense turf 








(a) Erosion resistant soil 


0.070-0.090 


1.0-2.4 




(b) Easily erode soil 


0.040-0.050 


1.5-1.8 




(c) Clean bottom with brush sides 


0.050-0.080 


1.2-1.5 




(d) Channel with tree stumps 








No sprouts 


0.040-0.050 


1.5-2.1 




With sprouts 


0.060-0.080 


1.8-2.4 




(e) Dense weeds 


0.080-0.012 


1.5-1.8 




(f) Dense Brush 


0.100-0.140 


1.2-1.5 




(g) Dense willows 


0.150-0.200 


2.4-2.7 
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Paved Drain 


A. 


Concrete with all surfaces 








Good or Poor 








(i) Trowel finished 


0.012-0.014 


6.0 




(ii) Float finished 


0.013-0.015 


6.0 




(in) Formed, no finish 


n ni a n n i ^ 


ft ft 

U.U 


B. 


Concrete bottom, float finished with sides of 








(i) Dressed stone in mortar 


0.015-0.017 


5.4-6.0 




(ii) Random stone in mortar 


0.017-0.020 


5.1-5.7 




(iii) Dressed stone or smooth concrete 
rubble (Rip-rap) 


0.020-0.025 


4.5 




(iv) Rubble or random stone (Rip-rap) 


0.025-0.030 


4.5 


C. 


Gravel bottom with sides of 








(i) Formed Concrete 


0.017-0.020 


3.0 




(ii) Random stone in mortar 


0.020-0.024 


2.4-3.0 




(iii) Rubble or random stone (Rip-rap) 


0.023-0.033 


2.4-3.0 


D. 


Brick 


0.014-0.017 


3.0 


E. 


Bitumen (Asphalt) 


0.013-0.016 


5.4-6.0 



Procedure for design of side drain is generally in the following steps: 
Find discharge using rational equation 

Find area of cross-section using allowable velocity of side drain 
Find slope of side drain using Manning's formula 

Longitudinal slope should not be less than minimum slope of 0.5 per cent if side drains are lined and 1 .0 per cent if they are 
unlined as 

specified in IRC: 73- 1980 "Geometric Design Standards for Rural Highways" 

IRC:SP:42 "Guidelines on Road Drainage" may be referred for detailed hydraulic design of the drain. 
However, the tentative salient design features of roadside drains (gutters) given below may be adopted in 
absence of any data. 



Location 

Minimum width at bottom 

Minimum longitudinal grade 

Discharge 

Shape 

Side slope 



300 mm deeper than the bottom of road crust 
450 mm 
0.5 per cent 
0.50 cum/sec 

Triangular, Rectangular and Trapezoidal 
Generally not exceeding 1 in 4 

The rectangular or trapezoidal section causes a sense of danger to the motorist travelling close to it, but 
triangular section is most appropriate and widely used. 

An unlmed dram can withstand only a limited amount of discharge without erosion problem. The problem 
will be severe in silt and sand when the velocity of flow is between 0.3 to 1 .0 m/sec. In stiff clay this velocity 
may be 1 .5 m/sec. But in all cases the permissible velocity of flow can be increased significantly by lining the 
dram. Also by lining the side slopes (of drain) can be made steep. An unlined cross-section of drain may require 
4: 1 to 2: 1 side slope, but a section with brick lining can be rectangular. Generally, in rural roads turfing is done 
in the roadside drains to prevent (soil) erosion of unlined drains. However, suitability can be improved by 
adopting different types of lining in side drains as given in Table 6.4. 
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Table 6.4. Suitability of Different Types of Lining in Side Drains 



Types of Lining 


£>llvl LJCal. I ipilUHH 


Suitable for 


Unsuitable for 


Turfing 


Turfing is useful in humid area for 
preventing erosion 


Triangular drain having 
4:1 to 3:1 slopes 


Rectangular, Trapezoidal 
drains since maintenance 
is difficult 


Stone 


Brick masonry stone/bricks 
can be laid dry or bedded in 
concrete with joints fitted 
in cement mortar 


(i) When drains are required 
to carry a large amount 
of debris 

(li) Velocity is high 


In known unstable 
area 


Concreting 


— do- 


— do- 


— do — 


Stone slab 
lining 




ll) Useful in triangular section 
drains and in other section 
in combination with masonry/ 
concreting 

(li) In areas where flat stone is 
easily available 




Boulder 
pitching 




Area with stable slopes 


In unstable loose 
strata 


Bituminous 
treatment 


lt is primary quick sealing of 
the surface. 1 0 to 1 5 cm 
impregnated with bitumen 
cutback or emulsion on the 
sides and base 


Used in conjunction with 
boulder pitching in catch 
water drains for prevention 
of seepage flow 





6.5.2.2. Shoulder drainage : Drainage from shoulder is ensured by properly maintaining the surface 
of the shoulder with specific camber. Shoulder should be shaped regularly before and during the monsoon, in 
order to avoid damages to the road pavement. A shoulder normally consists of granular material. However 
stabilised shoulders are preferred in case of clayey soil. Alternatively, following measures may be adopted 
when shoulders are of impervious material, like, clay or black cotton soil, such as: 

(i) Laying of continuous drainage layer of 75 mm to 100 mm thick under shoulder at the bottom level of sub-base as shown in 
Fig. 6.4. 

(ii) Extending the sub-base/base course with drainage material in the entire formation width upto the edge of formation and 
provide a generous cross slope to permit rapid drainage as shown in Fig. 6.5. 

( iii) Provision of shoulder drains at 4 to 10 metres centre to centre as shown in Fig. 6.6. 

(iv) Shoulder with hard material, like, granular or stabilised soil to affect good drainability. 

The cross slope of the shoulder should be 1 per cent steeper than the cross slope of carriageway subject- 
to minimum of 4 per cent. At times super elevation creates certain problems for the shoulder slopes on horizontal 
curve. In such stretches, shoulder on inner side of the curve should have a somewhat steeper slope than the 
pavement and shoulders on the outer side of the curve through shoulder drains. In case of earth shoulders with 
low permeability, i.e., black cotton soil, the drainage should be improved by providing shoulder drains. Shoulder 
drains provided at a spacing of 5 to 10 metre centre to centre as shown in Fig. 6.6 are preferred. 

6.5.2.3. Catch water drains : These drains are provided on hill slopes to intercept water flowing from 
upper reaches and guide such flow towards culverts. Such drains should be provided in suitable hill slopes as 
shown in Figs. 6.7 to Figs. 6.9. The catch water drains may be simple gutters at suitable location at top of the 
slope and leading to natural watercourses. These drains of trapezoidal shape should be stone lined and cement 
pointed with a stone masonry wall to retain the slopes. 
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DRAINAGE LAYER IN BANKING 



Fig. 6.4. Provision of Drainage Layer 

6.6. Sub Surface Drain 

Changes in moisture content of subgrade are caused by fluctuations in ground water table, seepage, 
percolation of rainwater and movement of capillary water and even water vapour. Hence, it should be ensured 
that variation in moisture content in the subgrade is kept as minimum as possible. The type of subsurface 
drainage depends on the topography, depth and fluctuations in the ground water level and the type of subgrade. 

Various measures that can be adopted at a specific situation are described below: 

Continuous drainage layer should be laid over the entire formation width below the sub-base/base course 
as per gradation specified in Table 6.5. In case of fine sand or silt or clayey subgrade or if annual rainfall is 
more than 1000 mm, a continuous layer of drainage material is required for the entire width of the formation as 
shown in Fig. 6.4. 

Table 6.5. Gradation of Material for Drainage Layer 



IS Sieve Designation 


Per cent by Weight Passing the IS Sieve 


75.0 mm 


100 


53.0 mm 




26.5 mm 


55-75 


9.5 mm 




4.75 mm 


10-30 


2.36 mm 




0.425 mm 




0.075 mm 


<5* 



Note: *In drainage layer, fine sand should not be used and the portion passing 75 
micron should be restricted to 5 per cent. However, in exceptional situations 
the engineer should apply discretion and it should be restricted to maximum of 
10 per cent. 
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(a) Road in Side Hill Cut 




(b) Through Road in Hill Cut 
Fig. 6.5. Drainage Through Opengraded Sub-base 
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Fig. 6.6. Shoulder Drainage by Longitudinal and Diagonal Drains 




Fig. 6.7. Typical Box Cut 
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I I ROAD I I 



VALLEY 

Fig. 6.8. Catch Water Drain in Stable Area 




SECTION 



Fig. 6.9. Catch Water Drain in Slide Area 
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Rural roads with existing water bound macadam/gravel surfaces, drainage may be improved by providing 
aggregate drains m the shoulder as per Clause 309.3.7 of MoRT&H Specifications for Road and Bridge Works. 

It is recommended to lower the water table by providing subsurface dram (longitudinal) for relatively 
permeable soil subgrade and transverse drains for relatively less permeable soil subgrade as shown in Fig. 6.10. 
The subsurface dram may consist of perforated pipe or open jointed solid pipe in trench with backfill around it 
or it may be simply a free draining material in the trench without any pipe. The perforated pipes may be of 
metal, asbestos, cement etc. The top of trench is sealed by providing impervious cap so that only sub-surface 
water may enter the drain. In pipe dram, the internal diameter of pipe should not be less than 1 50 mm. Holes in 
the perforated pipes may be formed m one half of the circumference only. Size of the holes may be close to D 
size of material surrounding the pipe subject to minimum of 3 mm and maximum of 6 mm. D g . denotes size of 
.the sieve that allows 85 per cent of material to pass through it. The backfill may consist of sand-gravel material 
or crusted stone satisfying the grading of Table 6.6 in case no specific design exercise based on filtration and 
permeability criteria has been carried out. The filter material (backfill material) should be free of organic 
material, clay balls and other deleterious material. The filter material is to be laid as per standard practice. The 
IRC:SP:42 "Guidelines on Road Drainage" may be referred for detail design of the subsurface drains. 



TRANSVERSE DRAINS 



ORIGINAL GROUND WATER LEVEL 




CLAY SEAL 



FILLER 



LONGITUDINAL 
J RAIN PIPE 



Fig. 6.10. Sub-Surface Drainage System with Transverse Drains 
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Table 6.6. Grading Requirement for Filter Material 



Sieve Designation 


Per cent by Weight Passing the Sieve 


Class I 


Class II 


Class III 


53 mm 






100 


45 mm 






97-100 


26.5 mm 




1 00 

1 \J\J 




22.4 mm 




95-100 


50-100 


11.2 mm 


100 


48-100 


20-60 


5.6 mm 


92-100 


28-54 


4-32 


2.8 mm 


83-100 


20-35 


0-10 


1 .4 mm 


59-96 




1-5 


710 mm 


35-80 


6-18 




355 |im 


14-40 


2-9 




1 80 jam 


3-15 






90 urn 


0-5 


0-4 


0-3 



Note. 1 . When the soil around the trench is fine grained (fine silt or clay or their mixture) adopt Class 1 grading. When coarse silt 
to medium sand or sandy soil exists then Class II grading is adopted. When gravelly sand is present then class III grading 
should be adopted. 

2. The thickness of backfill material around the pipe should not be less than 1 50 mm. Therefore, considering that the minimum 
diameter of the pipe as 1 50 mm, the width of the trench should not be less than 450 mm. 



When the subsurface consists of only free draining material, the dram may be constructed without any 
pipe. The trench may be filled with material such as gravel, slag or stone aggregates free from organic and 
deleterious substances. This dram is known as aggregate dram. Its grading is indicated m Table 6.7. 



Table 6.7. Gradation for Aggregate Drain 



Sieve Designation, mm 


Per cent by Weight Passing 


13.2 


100 


11.2 


92-100 


5.6 


27-46 


2.8 


3-16 


1.4 


0-6 



The sub-surface dram can be provided with geotextile either along the trench or around the pipe or both. 
The geotextile acts as both separation and filtration layer. When geotextile is provided, the filtration requirement 
in the grading is not important as far as material on both sides of it is concerned. 

Intercepting a seepage zone as shown in Fig. 6.1 1 can be done using horizontal drains. Perforated pipes 
are inserted in the hill cuts for removal of the moisture from the soil mass of up hill slope. 

If some portions of road is required to be constructed in heavy clayey soils or passing through an area 
susceptible to ingress of water, subsoil drains as shown in Fig. 6.12. may be provided in the road. 

Sub soil drainage system has to be provided in valley curves as shown in Fig. 6. 1 3 . It consists of a trench 
cut across the body of the embankment/affected portion. The trench is filled with good drainage material such 
as gravel, sand, shingle, metal etc. A perforated pipe may also be provided in addition to the drainage material. 
The trapped moisture shall be drained to the trench bottom and discharged into side drain or outside the formation. 
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PERFORATED HORIZONTAL DRAINS 
DRILLED INTO THE CUT SLOPE 



ROAD PAVEMENT 




Fig. 6.11. Provision of Horizontal Drains 



BASE 



SUB BASE 



40 cm 





3«J 




O.S. METAL OR QUARRY SPOILS 



100 0 PERFORATED P.V.C. PIPE 
PERFORATION (TOP HALF ONLY) 



COARSE SAND FILTER 



r0r<7 fD '°CkA SIZE METAL OR PEBBLE 



40 cm- 



Fig. 6.12. Sub-Surface Drain in Heavy Clayey Soil 




COARSE SAND 
PEBBLES AND 
GRAVELS 



6.13. Sub-Surface Drain at Valley Curve and Change of Grade 
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If the moisture reaching the subgrade due to capillary rise is likely to be detrimental, it may be checked 
by providing a layer of granular material of suitable thickness of about 75 mm to 100 mm as cut-off layer 
during the construction of embankment between the subgrade and the highest level of ground water table or 
highest flood level as shown in Fig. 6.14. 



GRANULAR MATERIAL 

1 t t ^TTTTt t t t 

CAPILLARY RISE 

J__L±J__LJ_J__L±J„L1 

HIGHEST WmTSR TABLE 




Fig. 6.14. Granular Capillary Cut-Off 
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CHAPTER 7 
CULVERTS AND SMALL BRIDGES 

7.1. Introduction 

In order to adopt uniform standards and to assist the field engineers in providing cross drainage works, 
type designs and estimates of culverts of probable spans and heights for rural roads are given. These designs are 
based on relevant IRC codes and guidelines. This Chapter generally deals with culverts, small bridges and 
minor bridges for rural roads, having height from foundation to road top up to 8 m and spans up to 10 m. 
Information and details of causeways and submersible bridges are also given. Standard design of spans 12 m 
and 15 m are also given so that unavoidable crossing can be dealt with. The required formation width for rural 
roads [Other District Road (ODR) and Village Road (VR)] is 7.5 m. In case of roads of short length connecting 
only one village and hill roads, the formation width can be reduced to 6 m. 

7.2. Geometric Standards for Culverts 

A Culvert is a cross drainage structure having a total length of 6 m or less between the interface of dirt 
walls or extreme vent way boundaries. A minor bridge is a bridge having a total length upto 60 m. A small 
bridge on rural road could be generally taken as a bridge of total length between 6 m and 30 m. Submersible 
bridges and causeways are the structures, which get submerged during high floods in monsoon for some duration 
but are available for traffic otherwise. 

7.2.1. Overall width of CD works : The overall width of culvert should be equal to the formation 
width of the road. In rural roads, the roadway width is 7.5 m in plain and rolling terrain. However from cost and 
low traffic point of view 6.0 m formation (roadway width) can be adopted for such roads, which connect only 
a small habitation and where length of the road is small. After careful consideration of various issues and with 
due consideration of traffic and cost, overall width of culverts and small bridges are given in Table 7.1. 



Table 7.1. Overall Width of CD Works 



Type of Cross Drainage 
Works 


For 7.5 m Roadway Width For 6.0 m Roadway Width 


Overall width, m 


Carriageway, m 


Overall width, m 


Carriageway, m 


Culverts 


7.5 


6.6 


6.0 


5.5 


Small and minor bridges 


6.4 


5.5 


6.0 


5.5 


Submersible bridges 


7.5 


6.6 


6.0 


5.5 



The carriageway width of a CD structure is generally the overall width minus the kerbs and railings 
which should normally allow passage of two trains of IRC Class A Loading. In case of roads with low traffic 
intensity, and in hilly terrain where overall width is 6 m, it is adequate to provide 0.25 m wide kerb raised from 
slab. Clear width of carriageway in these cases will be 5.5 m. 



For pipe culverts on rural roads it would be desirable to provide 3 pipes of 2.5 m length each, to avoid 
cutting of pipes. This will mean that clear width on these culverts would be 7.5 m width minus width of guard 
stone or parapet wall. For buried pipe culverts with embankment of more than 1 m above the pipe, length of 
pipe should be suitably increased. 

7.2.2. Siting of culverts on gradient :The cross drainage works should generally be sited on the 
straight alignment of a road. If a nalla crosses the road other than at right angle, either a skew culvert should be 
provided or, if economical, the nalla should be suitably drained. If the road at the culvert is in gradient, the 
same gradient of road may be provided for deck slab of the culvert. If the culvert is situated at change of 
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gradient (hump), the profile of vertical curve should be given in the wearing coat on the culvert. In such cases, 
the levels of the two abutment caps on either side may not be the same. However, the bearing surface of an RCC or 
Stone slab culvert on the abutment should be horizontal. Drawings for RCC skew slab are not given in this Manual. 

7.2.3. Kerb and parapet wall : Parapet walls of culverts generally consist of either Random Rubble 
(RR) or Coarse Rubble (CR) stone masonry in cement mortar 1 :5 or RCC railings of 0.8 m high above kerb. It 
is observed that these railings get damaged due to impact of vehicles and repair takes time. Where overall 
roadway is 7.5 m or 6.4 m, the combined width of kerb and parapet is 450 mm as per standards. However, for 
6 m wide culverts or bridges, 250 mm wide RCC kerb, 300 mm above road level should be provided. If 
considered necessary either pipe railing or guard stones of 200 x 200 mm section projecting 300 mm above 
kerb and spaced at 1200 mm c/c may be fixed. In case of small bridges with 7.5 m and 6.4 m overall width, 
parapet may be of Plain Cement Concrete (PCC) railing or brick masonry or of guard stones. At the end of 
parapets and returns, 400x400x600 mm RCC blocks are provided at four corners at the end of returns. Numbering 
of culverts and direction of flow can be marked on these pillars. 

7.3. Design Loading 

Culverts and bridges of 6 m, 6.4 m and 7.5 m overall widths on rural roads are normally designed for two 
lanes of IRC Class A loading with impact Where in exceptional cases single lane bridges are provided, they 
may be designed for a single lane of IRC Class A loading with impact. 

7.4. Wearing Coat 

Concrete wearing coats have been provided extensively in the past. However, when the road is with 
bituminous surface, it is desirable to provide 20 mm thick Premix Carpet (PMC) with a 5 mm thick seal coat 
as wearing coat on culverts. If the rural road is not black topped, concrete wearing coat can be adopted for CD 
works. For submersible structures, like, arch/vented causeways, cement concrete wearing coat of 75 mm thickness 
, must be provided. 

7.5. Name Piates and Numbering of Culverts 

Two name plates or plastered surfaces should be provided on the roadside faces of 0.6 m high guard 
stone. Numbering of culverts should be done as per practice prevalent in the State. Number of culvert, description 
of type and the direction of flow should be inscribed on the left-hand side end faces of returns in both directions. 
In case of pipe culverts, 2 guard pillars of 400x400x600 mm size are provided on left-hand side in either 
direction for recording the number of culvert. It is desirable to refer the relevant IRC standards for this purpose. 

The culverts are designated in the form of a fraction, the numerator denoting the number of kilometer and the 
denominator to indicate the kilometer wise serial number of the structure. For example 1 1/3 indicates the 3rd culvert 
between 10th and 11th km stone. The methodology for inscribing numbers on parapets, railings and on stone/RCC 
posts has been given, in IRC:7 'Recommended Practice for Numbering of Bridges and culverts. The size of letter shall 
not be less than 100 mm high and shall conform to IRC:30 'Standard Letters and Numerals of Different Heights for Use 
on Highway Sign's. 

7.6. Design of Culverts (Hydraulic Aspects) 

The topography of the land across the country varies widely and conditions may be dissimilar even 
within the same State, depending on the annual rainfall and nature of terrain. The hill streams are flashy in 
nature, which need tall substructures to span them. The natural streams in plains and rolling terrains are usually 
wide and need longer superstructures with relatively shorter substructures. The man made drains both for 
irrigation and industrial use could be low cost structures such as pipe culverts. Since the catchment area varies 
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widely, it is suggested to estimate discharge of a natural stream by direct measurement. If it is not possible to 
measure, some of the empirical formulae (like, Dicken's and Inglis) listed in IRC:SP: 13 may be referred to fix 
the waterway. In the plains of north-eastern States, the CD works may be expected to carry a very heavy 
discharge necessitating deeper foundations and/or adoption of longer span lengths. 

7.6.1. Waterway area : The waterway of culvert is given by: 

A = Q/ 10.9 

Where Q = Catchment area in hectares 

A = Waterway in sq. m. 

This formula is generally suitable for culverts with catchment upto 100 hectares. It is, however, advisable 
to determine the actual discharge of the stream by a suitable method, where the catchment is more than 100 
hectares. 

7.6.2. Linear waterway : It is generally found that the linear waterway for catchment area of 1 
square km will be between 4 to 6 m. Statistical data shows that the relationship between linear- waterway and 
the catchment area is given by the following empirical formula. 

L = kVq, 

w ^ 7 

L w = ■ Linear waterway in metre. 
Q = Catchment area in sq. km. 
and K varies from 4 to 6 

This formula is not suitable for culverts with a catchment area of less than 1 sq. km. 

On the basis of formula in Section 7.6.1, for a catchment area of 1.25 sq. km. (125 hectares) the waterway 
works out to be 6 m for a depth of flow of 2 m, as follows: 

A = 125/10.9 = 11.46 sq.m. 

L = 11.46/2.0 * 6.0 m 

W 

Thus for catchment area less than 1 .25 sq. km (125 hectares), a culvert is required and for catchment area 
more than 1 .25 sq. km, a minor bridge is to be provided. If the depth of water is more say 3.0 m, a culvert of 
6 m waterway can be provided up to a catchment area of 2 sq. km, i.e., 200 hectares. These figures are meant for 
guidance. The States may fix their own criteria based on statistical data. 

7.6.3. Hydraulic data : Following data needs to be collected for the design of a culvert : 

(i) Catchment area of the stream in hectares. 

(ii) Cross-section of the stream at proposed crossing alongwith L-section of road upto 200 m on either side of the culvert. 

(iii) L-section of nalla (for catchment area more than 1 25 hectares) about 200 m upstream and 200 m down-stream to ascertain 
if straightening of the stream is necessary to fix the location of the culvert. 

(iv) High flood level (HFL). 

(v) Road top level (RTL). 

In case of long bridges, the road top level is fixed on the basis of HFL after providing prescribed vertical 
clearance and calculated afflux. In case of culverts, the RTL should not be fixed on the basis of HFL and 
vertical clearance alone. The gradient of road 200 m on either side should be examined and the road top level 
(RTL) should be fixed such that RTL is not less than the minimum requirement on the basis of HFL. 

When the mean velocity of flow is more than 2.6 m/sec protection of entry and exit end is desirable. 
Otherwise, stone pitching of bed would be adequate. As per IRC:5 the vertical clearance for CD works varies 
from 150 mm to 600 mm as indicated in Table 7.2. 
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7.6.4. Road top level : Most of the work of construction of culvert will be generally on new roads. 
Some works may, however, be on the existing roads. Culvert should be constructed simultaneously when the 
earthwork of road is in progress, whereby the geometries of the road can be properly provided. In many cases 
culverts are taken up after providing the road crust. This has two disadvantages: 

(i) Practically every culvert becomes a hump on the road and geometries of the road are affected. 

(ii) Duplication of work of consolidation of approaches causes extra cost. 

The road top level at culvert should be fixed in advance. 

7.6.5. Minimum span and clearance : From the consideration of maintenance of culverts, it is 
preferable that the clear waterway of slab culvert is minimum 1 .5 m and diameter of pipe in case of pipe culvert 
is 1000 mm (900 mm internal dia). Culverts of small span or diameter get choked due to silt. It is not possible 
to enter the pipe and carry out inspection and repairs in span or diameter less than the ones given above as the 
requirements. Irrigation pipes do not come under the purview of pipe culverts. Minimum height of soffit of 
slab should be 1.5 m above lowest bed level from the consideration of inspection and maintenance. Table 7.2 
indicates clearance required for different spans. 



Table 7.2. Spans and Clearance 



Span, rn 


Vertical Clearance, mm 


1.0 and 1.5 


150 


2.0 and 2.5 


300 


3.0 and 4.0 


450 


5.0 and 6.0 


600 



(IRC:SP: 1 3 provides more detailed hydraulic calculations) 



7.6.6. Number of culverts per kilometre : It is observed that about 2-3 culverts are required per km 
length of road depending on the topography. This may also vary from region to region and guidance can be 
taken from statistical data of existing roads. When the ground generally slopes from one side to another, the 
embankment intercepts natural flow of rainwater. In such cases balancing culverts are provided at the rate of 
one per 500 m length of road to avoid water logging. The balancing culvert could be a pipe culvert of minimum 
900 mm internal diameter. 

7.7. Types of Culvert 

Following types of culverts are generally provided: 

(a) RCC Pipe Culvert 

(b) RCC Slab on Masonry or Plain Concrete Abutment 

(c) RCC Box Types Culvert 
<d) Arch Culvert 

(e) Cut Stone Slab Culvert 

(f) Stone Masonry Scupper 

(g) Vented Causeway 

(h) Submersible Bridge 

The first three types of culverts are most popular across the country. The "Brick/stone masonry arch 
culvert is less common these days since the skills necessary to undertake the construction are on the decline. 
However, this form of construction is quite suitable for CD works on rural roads. The design of RCC slab 
bridges is well established and many ready to use charts are available with State Governments and IRC:SP:13 
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also provides a large number of them. The design of box culvert is simple and the form of construction is sound 
from both hydraulic and structural considerations. In Maharashtra, an attempt was made for adoption of PCC 
block arch culvert with pre-fabncated concrete blocks of uniform size. A few such arch culverts both in single 
and multiple spans were built in the S f ate and their performance appears to be satisfactory. The stone slab 
culverts could be adopted for a clear span upto 1.8 m at locations where suitable material is locally available. 
Stone masonry scuppers are adopted in the hill States of Jammu and Kashmir, Himachal Pradesh, Jharkhand 
and Uttaranchal. In many States the vented causeways and submersible bridges are used for wide streams with 
low seasonal discharge. Cost per running metre being low, they are considered to be low cost CD works 
although the total length could be as much as 100 m including ramps. Some States, particularly the north- 
eastern States, use steel or timber bridges which are not covered in this Manual. 

7.7.1. Height of culvert : The minimum height of the formation level of the road from the bed level 
is required to be as per Table 7.3 in case of pipe culvert. 



Table 7.3. Minimum Height of Formation 



Diameter (NP, pipes), mm 


Height of Formation, m 


For 1000 (900 mm internal dm) 


1.75 


For 1200 


2.15 



Minimum height in slab culvert will be 1.775 m which include height of abutment (1.5 m) thickness of 
RCC deck slabs (0.2 m), wearing coat respectively (0.075 m). There is no difference in height in either slab or 
pipe culverts. 

7.7.2. Pipe culvert 

7.7.2. 1. Diameter of pipe : The cost of slab culvert is less if the foundation is within 2 m from the bed 
level, otherwise, pipe culvert is chosen. Although use of 450 mm, 600 mm diameter pipes in CD works was 
more popular in low to moderate rainfall regions, from inspection and maintenance point of view, a minimum 
of 900 mm (internal) diameter is recommended. However, taking into consideration the smaller length of 
barrel and low embankment heights, pipes of lesser dia, viz, 600 mm or 750 mm may also be used in exceptional 
situations. RCC pipes of 300 and 450 mm dia, used for purposes, such as. irrigation/agriculture are to be 
considered as mere buried conduits and not as culverts. The pipes for culverts of rural roads shall be of NP ? 
type, which conform to IS:458-1989 and can be chosen as per Table 7.4. 



Table 7.4. Diameter of Pipe 



Catchment Area (Hectares) 


Diameter of Pipe (mm) 


Upto 10 


1 000 single row 


10 to 20 


1 200 single row 


20 to 50 


1000 or 1200 (2 to 3 rows) 


50 to 60 


1000 or 1200 (4 rows) 



Where the height of embankment on account of geometric consideration of the road is more than 5 m but 
the catchment area of the stream is less than 40 hectares, it would be economical to provide a pipe culvert with 
2 rows or 4 rows of pipes. The mam advantage in pipe culverts is the speed of construction and good quality of 
factory produced pipes. A pipe culvert can be'constructed in 15 days. The only time consuming and costly ite.n 
is stone masonry headwall. 

7,7.2.2. Headwall : In order to reduce the quantum of masonry wall and the cost, the headwalls are 
raised up to top of the pipe and 0.5 m parapet wall is provided above it. The length of headwall is equal to four 
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times the diameter of pipe for retaining the slope of earthen bank within 1 (Vertical) to 1.5 (Horizontal). By 
restricting the height, the length and section of headwall is considerably reduced. Longer headwalls are provided 
for wider streams as per site requirements. Pipes are generally 2.5 m or 3 m long. It shall be ensured that the 
invert of the pipe is placed 150 mm below the average bed level. Suitably designed RCC face wall (150 mm 
thick) can also be used for a single row pipe culvert. 

Pipe culvert may prove to be economical where foundation of culvert is likely to be deeper or in 
predominantly black cotton soil area; and where foundations are required to be taken to more than 2.5 m below 
the bed level. In heavy rainfall area and for stream with high velocity, protection of scourable bed on downstream 
side should be ensured. This protection is usually in the form of a launching apron using large size stones. 

7.7.23. Design aspects : The pipes shall be conform to IS:458-1989 (Specification for concrete pipes) 
and shall be laid as per relevant 18:783-1985 (laying of concrete pipes). The structural design of pipe culvert 
requires calculations of probable maximum load on the pipe, inherent strength of pipe and selection of bedding 
for the pipe. The load factor of a pipe depends on different conditions of bedding as well as laying of pipes. It 
is desirable to use type A, i.e., concrete cradle bedding for pipes of 1000 mm diameter and above and those with 
fills higher than 4 m. The minimum compressive strength of concrete should be 20 MPa. The type B bedding is 
adopted for height of fill between. 0.6 m and 4 m. It consists of a continuous layer of compacted sand or 
moorum, with minimum thickness of 75 mm below the pipe. The fill material shall be free from clay lumps 
retained on 75 mm sieve and from stone retained on a 26.5 mm sieve. Fig. 7.1 shows different field conditions 
in foundation. It may be ensured that the minimum height of fill above pipe including road crust shall be 
1000 mm. The relevant MoRT&H Specifications may be followed for laying and back filling of pipes. 

7.7.2.4. Jointing of pipe : The pipes shall be joined either by collar joint or the flush joint. The collar 
shall be of RCC 150 mm to 200 mm wide having strength as that of pipes. Caulking space shall be between 13 
to 20 mm according to the diameter of the pipe. The collar shall be properly placed over the joint of the pipe to 
cover the joint evenly. Caulking material shall be a wet mix of cement and sand in the ratio of 1 :2 rammed with 
caulking irons. 

In case of flush joint the ends of pipes are specially shaped to form a self-centering joint with jointing 
space 13 mm wide. The jointing space shall be filled with cement mortar (cement:sand 1 :2) mixed sufficiently 
dry to remain in position when forced with a trowel or rammer. Care shall be taken to fill all voids and excess 
mortar shall be removed. 

7.7.3. RCC slab culvert 

7.7.3.1. Catchment area and span requirement : RCC slab culvert is one of the common types of 
culvert. For catchment area more than 60 hectares, RCC slab culvert offer an economical and convenient 
proposal. The approximate relationship between the catchment area and the span is given in Table 7.5. 

Table 7.5. Clear Span of Culverts 



Catchment Area in Hectares 


Clear Span of Culvert, m 


Up to 15 


1.5 


16 to 25 


2.0 


26 to 50 


3.0 


51 to 75 


4.0 


76 to 1 00 


5.0 


10! io 125 


6.0 


126 to 200 (deep channels) 


6.0 
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Fig. 7.1. Different Conditions of Pipe Culverts in Foundations 
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7.7.3.2. Minimum depth from lowest bed level : Minimum depth from lowest bed level to soffit is 
1.5 m. Normally a small bridge will not be required for catchment area less than 125 hectares. Most of the 
culverts on roads can be adjusted according to catchment area indicated in Table 7.5. 

7.7.3.3. Detailing : M25 concrete and High Strength Deformed bars are specified for usage in deck 
slab. A nominal 1:1.5:3 concrete mix with 43 grade cement and a water cement ratio restricted to 0.45 can 
produce this strength. In case of simply supported slabs, it is a common practice to crank alternative bars at 1/ 
7 th clear span. Similar practice can be adopted for solid slab culvert of 4.0 m span and above. But in case of 3.0 
m span and below, only one bar in every four bars is to be bent. Alternatively, cranking may be avoided. The 
plates showing the type designs indicate the exact number of bars to be cranked. 

The shear force at the support of a deck slab is large. In slab with small spans of 3.0 m or less, local bond 
stress exceeds permissible limit when alternate bars are bent. Therefore alternate bars are not bent in such small 
spans. The standard designs of RCC slab issued by Ministry of Road Transport and Highways for spans of 
3.0 m to 10 m are meant for a carriageway of 12 m width and designed for Class 70 R loading. These drawings 
are not applicable to CD works on rural roads. The design live load adopted for the type design of solid slab on 
rural road is two lanes of Class A with impact. Although bearings are required for 12-15 m spans, they may be 
avoided with the stipulation that the substructures are appropriately designed by considering horizontal forces. 
Plates 7.7 to 7.16 give details of RCC deck slab for span 1 .5 to 15 m and an overall width of 6 m, 6.4 m and 7.5 m. 

7.7.4. RCC box type culvert 

7.7.4.1. Section of box culvert : Box section of size less than 2 x 2 m is not practicable to implement. 

Box type culverts are suitable for a situation where the catchment area is more than 30 hectares. An isolated 
box culvert is economical in such cases where either the depth of foundation is more than 4 metres below bed 
level or where the total embankment is very high, as in the case of approaches of a long bridge. Normal sections 
of box culverts adopted for different catchment areas are given in Table 7.6. Box culverts of smaller sections or 
arch culverts are cost effective at most of the locations particularly in strata with low bearing capacity and 
where founding strata is deep seated. 



Table 7.6. Sections of Box Culverts 



Catchment Area, Hectares 


Sections of Box Culverts 


30 to 40 


2.0 m x 2.0 tn 


4 1 to 60 


2.5 m x 2.5 m 


61 to 81 


3 m x 3 m 


Upto 200 


3 m x 3 m (2 boxes) 



The loads that are considered in the design of a box culvert are the live load and dead loads such as self 
weight, load due to earth fill (if any) on the top slab, soil reaction on the bottom slab, and those due to lateral 
earth pressure on the vertical walls. The hydrostatic pressures due to standing water are also considered in the 
design. The moments per unit width of box are calculated by the moment distribution method, or any other 
analytical method. Some design offices resort to the usage of design coefficients, which depend on length to 
width ratio, and the thickness of the top, bottom and side slabs. Most design offices now use computer aided 
analytical methods supported by various structural analysis software. The type designs of box cells given in 
Plates 7.18 and 7.19 maybe referred to. Details of lesser cross Section, such as, lxl m, 1 .5 x 1 .5 m, etc. can be 
used when ready-to-use charts are available. 
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7.7.5. Arch culvert (masonry/precast block) 

7.7.5.1. Pre-cast concrete block arch : These types of the culverts have been constructed on shallow 
streams in the interior region of Maharashtra State. If the river bed material comprise of sand or clay then the 
cost of protection work increases. When the lead distance for transporting hume pipes from a factory is more, 
the cost of pipe culvert escalates. In such a situation, adoption of precast arch construction would be economical. 
A semi-circular arch of 1 .4 m span with a rise of 0.7 m was first evolved. The span was further increased to 2.0 
m with the rise of 1.0 m. The arches were constructed with precast concrete blocks. The foundation for the 
erodible bed was RCC raft with diaphragm walls/pedestal to support the arch. The raft foundation is designed 
as a beam on elastic foundation. Multiple arches can be constructed using precast block technology. 

The concrete blocks could be 200 mm wide, 1 50 mm thick and circular arc length of 450 mm at crown. 
An individual block weighs about 20 kg. The plain concrete blocks made of M15 grade are placed in a row of 
semi-circular form work and joints are staggered to ensure proper connectivity. The crown and the haunches are 
filled with plain concrete. The pedestals of 400 mm width and 1 50 mm thickness are cast to support the precast 
arch rings. The cut-off walls are provided to prevent scouring of the bed material below the raft. A concrete 
cushion of about 300 mm is provided above the arch of the crown and haunches to distribute the traffic load 
transversely. In case of non-erodible stratum, the height of pedestal can be suitably increased to support the 
arches. Open foundations are provided to the pedestals or piers, where suitable. The arches could be raised 
over piers and the resulting structure would be a low level submersible bridge. A typical arch form is shown 
in Fig. 7.2. 



The precast concrete blocks have the following advantages: 

(i) For repetitive type of construction the moulds and formwork for the arch can be prefabricated as per the requirements. 

(ii) The concrete blocks of required quality can be cast near the site. 

(iii) Local mason, skilled workers can be trained to do the job. 

7.7.5.2. Brick masonry arches : The art of construction of masonry arches is quite ancient and some 
of the bridges built during mediaeval period are still in service. Several shapes of masonry arch bridges are in 
vogue, such as, elliptical, parabolic, segmental and semi-circular construction. Out of these, semi-circular and 




CONCRETE ARCH WITH PRECAST UNITS 



Fig. 7.2. Some Details of Precast PCC Block Arch Culverts 
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segmental forms are more popular. The brick masonry shall conform to IS:40-1995. The load carrying capacity 
of an arch bridge depends on span/rise ratio, span, and thickness of arch ring and depth of earth fill (cushion) at 
the crown section. The other factors are known to be the strength of brick masonry and quality of construction. 
The normal size of burnt clay bricks is 220x100x70 mm or 200x200x100 mm and 1 :4 cement mortar is used for 
erection of the brick masonry. The arch ring can comprise of single, two, three or four layers of brick depending 
on the requirement. The 100 mm face of brick is obviously to be placed in the radial direction of arch. 

The required thickness of earth fill over crown shall be 300 mm or above for all spans. The thickness of 
semi-circular brick masonry arch ring and, the depth of fill required in relation to axle load capacity is given in 
Table 7.7. The axle load capacity is arrived at using the Pippard's formulae for masonry arches. 



Table 7.7. Span to Axle Load Capacity 



Span (m) 


Depth of Arch Ring (mm) 


Thickness of Earth Fill (mm) 


Axle Load Capacity (kN) 


2 


200 


300 


180 


3 


300 


400 


160 


4 


300 


400 


160 


5 


400 


400 


160 


6 


535 


500 


170 


7 


600 


650 


170 


8 


600 


700 


150 



The depth of foundation depends on local scour conditions, and therefore, the abutments/abutment piers 
are to be protected from bed erosion and scour at both entry and exit end. The earth fill is contained in spandrel 
walls, and parapet walls are provided for safety reason. A premix carpet wearing coat or a concrete slab could 
be provided for carriageway. 

In view of the availability of fly ash in abundance, the usage of fly ash bricks is being encouraged. The 
fly ash bricks could also be used in place of burnt clay bricks in arch culvert. Plate 7.17 gives designs for spans 
6 m , 9 m and 12 m of masonry - either bricks, stone or concrete block. 

7.7.53. RCC arch culvert : The arches can be cast in-situ also. The above types of arches with 2.0 m 
span and 1.0m rise can be constructed on site. The semi-circular prefabricated formwork can be used for the 
construction of an arch culvert or causeway. Typical drawings for RCC arch causeways are given in Plates 
7.26.1, 7.26.2, 7.26.3. The details of reinforcement for arches and raft foundation are also given therein. The 
raft foundation is used in the strata with Safe Bearing Capacity (SBC) less than 10 t/m 2 . For non-erodible hard 
strata, the arches can be rested on the pedestal directly. The pedestal will have to be suitably anchored in the 
hard strata. 

7.7.6. Cut stone slab culvert : Cut stone slab culverts are designed on the basis of Trautwme's 

formula, which states that , T . . T , , 

1 Lbw 1 Lbh 

P= (qbd 2 /L W") 

Where, Fs 2 2 



p = 


Permissible load (kN) 


b = 


Width of stone slab (m) 


w 1 = 


Unit weight of stone (kN/m 3 ) 


d = 


Depth of slab (m) 


w" = 


Unit weight of soil or concrete fill (kN/m 3 ) 


L = 


Span length of cut stone (m) 


h = 


Height of fill and wearing coat (m) 


q = 


Breakaway central load intensity taken as 8450 kN/m 2 of a standard specimen 


Fs = 


Factor of safety 
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Trautwme suggested that Fs should be taken as 10 to account for unknowns in geological formation of 
stones used. The value could be taken as 3 for igneous and metamorphic rocks. Cut stones of 300 mm width 
could be placed side by side spanning across CR or brick masonry abutments and about 100 mm thick RCC 
slab is provided to interconnect the stone slabs and serve as wearing coat. 

Substituting b = 0.3 m w 1 = 27 kN/m 3 

h = 0.1 m w" = 24 kN/m 3 

Fs = 3 q = 8450 kN/m 2 

P = 845 d 2 /L- 1.35 Ld-0.12L, or 

P = 26.8 kN (with 1 0 per cent impact) for a single imprint of 1 1 4 kN axle of IRC Class A loading, 
when d is less than 0.3 

26.8 = 845 d 2 /L (approx.) 
or d 2 = 0.0317 L 

The required thickness of a cut stone slab for different span lengths is given below: 
Clear span (m) 1 .5 1.8 

Thickness (mm) 220 240 

A bearing length of 150 mm extra on span is required on either side to seat the stone slab on abutments. 
Thus a 1 .8 m span unit weighs (1.8 + 0.3)x0. 3x0. 24x2700 = 408 kg which can be handled. It is to note that the 
IRC:6 does not specify impact factors for masonry bridges. 

7.7.7. Stone masonry scupper : This type of CD work is more common in the Himalayan regions of 
Jammu and Kashmir, Himachal Pradesh and Uttaranchal. In hill roads, it is conventional to cut the roads from 
the hill face in one working season and open the road immediately to light traffic. The construction of pavements 
and roadside drains are taken up subsequently. Stone being the locally available material, stone corbelled 
scuppers are provided as semi-permanent CD works, to carry the water from side drains collected from hill 
slopes. A typical dry stone masonry scupper of 1 m span is shown in Plate 7.27. The foundations of abutments 
shall be kept horizontal. The length of scupper may be increased or decreased as per requirement at site. If 
good stone is not locally available or withm 10 km distance, the scupper may be replaced by RCC slab or box 
culvert with catchwater drains. Since the ventway is small, a scupper can carry only limited discharge. Therefore, 
they are provided at frequent intervals, like, 4 to 6 numbers per km length depending on the requirement. It is 
found that stone corbelled scupper is more stable than stone masonry arch, under seismic conditions. Therefore, 
these are preferable in Himalayan region. Further, construction of a scupper does not need any extra skill. 
However, dry stone masonry scuppers need periodic examination, since the stones are likely to be dislodged in 
the event of a high discharge after a cloud burst. Plate 7.27 gives details of stone masonry scupper. 

7.7.8. Design aspects and specifications 

7.7.8.1. Design considerations : The type designs of pipe culvert and RCC slab culvert are based on 
some of the following considerations. The CR/RR stone or brick masonry for substructure and parapet walls 
are found to be economical in comparison to mass concrete sub- structure. The masonry below ground level 
should be in cement mortar 1:4 and above ground level in cement mortar 1:5. If burnt clay bricks with a 
crushing strength of 7 MPa are available, they can also be used for culverts. Fly ash bricks can also be used 
instead of burnt clay bricks when the strength is more than 7 MPa. Where bricks of specified strength are not 
available, CR/RR stone masonry could be attempted. 
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7.7.8.2. Foundation concrete 

(i) Foundation concrete for masonry abutment and return shall be M10, otherwise it shall be M15. If the foundation level is 
below water table, 10 per cent extra cement should be added in concrete. 

(ii) The thickness of PCC footing below abutment should be minimum 200 mm. In case of pipe culvert, it is not necessary to 
provide concrete bedding below the entire length and width of pipe. 

(lii) A moorum cushion consolidated to 200 mm thickness is adequate. However, 200 mm thick cushion below pipe and 300 
mm wide Ml 5 concrete bedding is necessary at all thejoints of pipes. The guidelines given in IS:783- 1 985 should be followed; 
20 mm size aggregate should be used for foundation concrete and 40 mm size aggregate for abutment and return walls. 

7.7.8.3. Return wall or wing wall : Length of return and splayed wing wall are generally found to be 
better than straight returns. However, straight returns are easy for construction and standardisation. The layout 
and construction of wing wall is also difficult. It is, therefore, proposed to provide straight return walls for 
culverts. The length of return walls beyond the faces of abutments should be as given in Table 7.8. 

Table 7.8. Length of Return 



Height of formation at abutment 
above bed level, m 


Length of Return, m 


2.5 


3.75 


2.5 to 3 


3.75 to 4.5 


3.5 


5.25 


4 


6 



The Sections of return wall are given in Plates 7.2, 7.3, and 7.5. Normally the length of return should be 
1 .5 times the height of abutment above lowest bed level. For the purpose of standardisation common lengths of 
returns are proposed. A toe wall may be provided at the end of earth slopes at abutments for protection of 
slopes. If the height of road top from the bed level at abutment is more than 4 m, the length of returns should 
be suitably worked out. Foundation level of returns may be stepped up to reduce the cost, if suitable founding 
strata are available at shallow depth. But at such change of foundation level, continuity between two parts may 
be broken by a vertical joint. 

7.7.8.4. Section of abutment, pier and return 

(a) Section of abutment and returns : Following sections are given in plates: 

Height 2 m to 4.5 m Masonry Section Plate 7.2 

Height 4.5 m to 8.0 m Masonry Section Plate 7.3 

Abutment for height upto 8 m PCC Ml 5 Plate 7.4 

Return for height upto 8 m PCC Ml 5 Plate 7.5 

The abutment cap and cap on return wall and dirt wall for culverts will be of plain concrete of M20 grade with surface reinforcement. 
Where bearings are provided the cap will be reinforced. For dirt wall of spans more than 6 m the dirt wall shall be reinforced. 
Stepped piers and abutments are chosen for ease of shuttering since tapered sections are likely to pose construction problems in 
rural areas. Plates 7.2 and 7.3 give cross sectional details of masonry abutments and returns for spans 1 .5 to 3.0 m and 4.0 to 
6.0 m respectively. Quantity of abutment and returns in both masonry and PCC are indicated in Plate 7.24 for guidance. 

(b) Piers : The sections of PCC pier and the method of designing a pier are given in the Plates 7.4 and 7.6. The sections of PCC 
return walls and wing walls are given in Plate 7.5. Where bearing capacity of soil is low, the lateral dimensions of the footing 
could be increased suitably. Type sections for RCC pier and abutment caps besides dirt walls are given Plate 7.25. 

(c) Miscellaneous : Stopper, protection around abutment and treatment for the submersible bridge is given in the Plate 7.20. 
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7.7.8.5. Approach slab : Abutment is designed for surcharge of equivalent height 1.2 m and return 
walls for an equivalent height of 0.6 m. Therefore, there is no need to provide approach slab. However, it may 
be desirable to provide a pavement for entire formation width for length of 3.6 m behind abutment, between 
returns. 

7.7.8.6. Design of masonry section : The following considerations are taken into account: 

(a) Abutments are designed for a live load surcharge of 1 .2 m, (Clause 714.4 of IRC:78). 

(b) Granular material filling is provided between return walls. (Appendix 6 of IRC:78 should be followed). 

7.7.8.7. Expansion joints/bearing surface 

(i) For span up to 3 m : Expansion gap may not be provided up to 3 m span. The top of abutment cap and the face of dirt wall 
(on slab side) are however coated with a layer of bitumen. 

(ii) For span between 3 to 6 m : For spans between 3 m to 6 m a pre-moulded bituminous sheet such as Shalitex board of 1 2 
mm thickness may be provided. In the parapet wall it is desirable to provide a vertical joint in the masonry wall at the 
location of end of deck slab. Thus the parapet wall shall have three parts, viz. , the central part over deck portion and two 
side parts over return walls. Corresponding joint is also necessary in the coping over parapet wall. 

(iii) Tar paper (bearing) should be provided on all supports of deck slab upto 10 m spans. 

7.7.8.8. Weep hole and water spout : Weep holes are provided to prevent building up of hydrostatic 
pressure behind abutments and wing walls. 

(i) There may not be any need for weep holes and waterspouts in small span culverts. However, local practices prevails on 
size and spacing of weep holes, which may be followed. 

(ii) If the height of abutment and return over bed level is more than 2 m, weep holes should be provided 150 mm above low 
water level (LWL) or ground level (GL) whichever is higher. In case of stone masonry, weep holes of 150 mm dia or 
80x150 mm size in 1 :20 slope should be provided at required intervals (Refer: IRC:40). 

(iii) For 5 m and 6 m span one waterspout of 100 mm dia should be provided in the centre of slab on either side of the deck. 

7.7.8.9. Grade of concrete : In the past, M10 and Ml 5 grades of cement concrete were extensively 
used in CD works. As per IRC:21, the minimum grade of structural concrete is M20 (design mix). Where the 
quantum of concrete work is small as in CD works of rural roads, it is suggested to use nominal mix based on 
volumetric proportion of cement, sand and aggregate with a low water cement ratio up to 0.45. The minimum 
quantity of cement shall be 310 kg/m 3 . Superplasticizers could be used to improve workability. 

7.7.8.10. Pre-cast construction for culvert : This type of construction has certain advantages. 
Construction time could be reduced considerably, if precast concrete blocks or other RCC units are adopted for 
abutments, in place of CR/RR stone masonry. Due to non-availability of good masons, present trend is to adopt 
cast-in-situ PCC M 1 5 . These works are likely to be handled by small inexperienced contractors, and in remote 
areas the quality of concrete is likely to be poor. It would, therefore, be desirable if factories manufacturing pre 
cast concrete block of Ml 5 strength are set up to produce blocks of 200x200x400 mm and 200x100x400 mm 
sizes. Such units can be easily handled manually. 

Pre cast blocks of 0.6 m width for spans upto 2 m weighing about 600 kg can also be easily handled 
manually; and can be considered for adoption in suitable cases. Such blocks shall conform to IS:2 1 85 (Part 1 )- 
1979 concrete masonry units. 

7.7.8.11. Cost of culvert : From the data available from various States, the cost of culverts constructed 
recently follow the break-up of cost given in Table 7.9. The height of culverts were between 2.4 to 3.2 m and 
spans 1.5 to 2.5 m. 
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Table 7.9. Cost of Culverts 



Items 


Percentage of Total Costs 


(i) Excavation and dewatering etc. 


5-10 


(ii) Foundation concrete 


10-15 


(iii) Stone masonry substructures 

(piers, abutments, caps, returns, coping, etc.) 


40-50 


(iv) RCC deck slab 


15-20 


(v) Parapet wall and wearing coat 


5-10 



Items (i), (ii) and (iii) constituting 75 per cent of the total cost are governed by following parameters: 

(a) Height (H) from top of foundation to the top of slab 

(b) Overall width (W) and the length of returns 

But the cost of items (iv) and (v) consisting 25 per cent of overall cost is governed by: 

• Span of culvert (L) 

• Width of culvert (W) 

In case of culvert, the span is not a function of height. Hence, cost of culvert cannot be calculated on the 

basis of span. 

7.7.8.12. Minor bridges on rural roads : For rural roads only such minor bridges are normally taken 
up where the height from the low bed level (LBL) to road top is within 8.0 m and where span is within 1 5 m. For 
such bridges, the same sections of abutment and returns provided for culverts may be adopted. Type designs 
for these spans are available. If heights of the small bridge from bed level is more than 8.0 m design of 
abutments and piers is called for. Similarly, abutments/piers of 1 2- 1 5 m span bridges are to be designed separately, 
if bearings are not provided. If the bearing capacity of soil is poor the footing need to be suitably widened. The 
Plates given in this Chapter consider a safe bearing capacity of 30 T/m 2 which could be suitably modified for 
lower values of SBC, wherever required. 

7.8. Causeway and Submersible Bridge 

A causeway may not be a small bridge (length less than 30 m) but is a low cost cross drainage work of 
longer length. These are so built that the period of interruption to traffic during rainy season is short. The outer 
width of causeway should be equal to roadway width. A submersible bridge is a bridge, which gets submerged 
during monsoon in high floods of short duration, but is available for use of traffic during the rest of the times. 

7.8.1. Criteria for submersible bridge : All culverts and small bridges (upto 30 m length) may be 
of high-level type. However, high-level minor and major bridges, are not considered on rural roads due to their 
high cost. They may also not be necessary for traffic requirements. Therefore, causeways or submersible bridges 
instead of major bridges could be provided on rural roads after comparing relative costs. 

The period of permissible interruptions to the traffic due to submergence of a bridge could be 6 times in 
a year the period not exceeding 24 hours if no alternative access road is available. For this, it is necessary to 
correctly ascertain the Ordinary Flood Level (OFL). The OFL when cleared under the bridge provides permissible 
interruption to traffic. Such OFL and Reduced Level (RL) is to be arrived at considering the frequency of flood 
above that RL so that submergence consequent to higher floods do not exceed permissible frequency of 
interruption to traffic. If there is a considerable difference in OFL and HFL then it will be adequate to provide 
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bridge clearing the OFL and submersible for HFL. The soffit level of the bridge should be fixed so as to clear 
the OFL with some free board. 

From streams with a velocity of flow more than 6 m/sec, causeways and submersible bridges may be 
avoided. If the cost of a submersible bridge with its approaches is more than about 70 per cent of the cost of a 
high level bridge with approaches at the same site, it is advisable to adopt a high level bridge. The decision of 
construction of a high level bridge should be taken after careful consideration of bridge site and related parameters. 
In case of causeway and submersible bridge, the RCC kerb of 250 mm width should not be continuous. After 
1.5 m continuous length of kerb there should be a gap of 300 mm so that flood water is discharged expediously 
from the top of riding surface. The size of kerb stone used could be 500x250x300 mm. 

7.8.2. Special aspects of submersible bridges and causeways : Since submersible bridges and 
causeways have been constructed extensively in several States in the past, guidelines and practices may be 
available in the States. Extract of guidelines adopted in Maharashtra PWD are enclosed for reference, 
Appendices-7.1 and 7.2. These may vary from region to region. Therefore, local guidelines and practices with 
due modifications may be adopted. 

The sections of piers given in the Plate 7.06 can be adopted for submersible bridges as well. The approaches 
of causeways and submersible bridges should be preferably without banking. It has also to be ensured that 
height of submersible embankment shall not be excessive and hence, correct ascertaining of OFL, is important. 
The road level for a submersible bridge should never be below OFL unless only causeway is intended to be 
provided. While fixing the level of submersible bridge, consideration is also required to be given to OFL, vis- 
a-vis, terrace level on riverbanks, which occasionally get over topped. Where adequate flood frequency and 
gauging records are not available, thorough local inquiries are to be made to fix the OFL. 

If the mean velocity of flow is more than 4.0 m/sec deck of submersible bridge must be suitably anchored. 
The stopper needs to be provided in cap of all submersible bridges. Part of the approach of a submersible 
bridge, which goes in submergence, needs protection. Protection could be done with precast cement concrete 
(interlocked) blocks or stone blocks. The required protection at submersible bridge has been shown in Plates 
7.20 and 7.21. Provision of return walls on both sides and a pacca drain as shown in the Plates can serve the 
purpose. For submersible bridges discontinuous kerbs and removal/collapsible railings may be provided. 
Alternatively pipe railings can also be provided. Plates 7.20, 7.22, 7.23, 7.26. 1 , 7.26.2, 7.26.3 and 7.26.4 give 
details of causeways/submersible bridges. 

7.8.3. Inspection and maintenance of small bridge and culvert : Although there is no special 
publication on maintenance of culverts, nevertheless, the IRC:SP:35 may be followed for inspection and use 
may be made of the inspection proformae given in Appendices-4 and 5 of the publication. It is pertinent that 
an inventory of CD works be prepared both for existing as well as new CD works on rural roads. Since the 
waterway is usually small they tend to get clogged due to accumulation of silt and debris. In addition, the 
growth of vegetation should be checked lest the life of CD works would be curtailed. Small bridges and 
culverts will not last the expected life unless inspected and repaired frequently-normally twice in a year. 

Timely and proper maintenance of culverts is very important for their upkeep. The maintenance covers 
three aspects: 

(i) Maintenance of Channel 

(ii) Maintenance of Structure 

(iii) Maintenance of Approaches 
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The inlet of channel should preferably be on a straight alignment so that accumulation of debris or 
occurrence of eddy currents is minimal. The bed of the stream should be suitably protected to prevent erosion 

or scour. 

It is expedient to carry out repairs to the substructure to prevent their early deterioration. The headwalls 
and wing walls should be inspected for cracks, settlement and unusual backpressures and rectification undertaken 
where required. The timely maintenance of wearing coat prevents occurrence of potholes in the earth cushion 
or the damage to RCC slab or the structure. 

The sinking of approaches is quite common in rural areas. This is primarily due to movement of cattle 
from approach roads to the stream and also improper compaction of the earth fill. Occurrence of potholes due 
to undermining is also common. All the above things are to be attended to make the movement of traffic safe. 

Maintenance of culverts and causeways is elaborated in Appendix-11.4 of Chapter on Maintenance. 

7.9. Quality Control 

7.9.1. General aspects : Although the work of culvert is simple, it is necessary to have proper quality 
control in the work of stone masonry and concrete in deck slab, bar-bending, etc. The specifications for culvert 
should be in accordance to "Specifications for Road and Bridge Works" of Ministry of Road Transport and 
Highways. The testing of various construction materials and other tests during construction should be carried 
out as per the Ministry's specifications. Quality Control aspects for concrete have been covered in Chapter 10 
in this Manual. 

Formwork and False work: The considerations of formwork and false work aspects in bridges and culverts 
should be as per IRC:87 Guidelines for the Design and Erection of Falsework for Road Bridges. 

7.9.2. Stone masonry 

(i) For the work of culvert course rubble (second sort) masonry is stipulated. 

(ii) Face stones shall be hammer dressed on all beds and joints so as to give them approximately rectangular shape. The bed 
joint shall be chisel drafted for at least 80 mm backs from the face and at least 40 mm for the side joints. No portion of the 
dressed surface shall show a depth or gap more than 1 0 mm from a straight edge placed on it. 

(iii) The hearting or interior filling of the wall shall consist of flat-bedded stone carefully laid on their proper beds in mortar. 
The use of chips shall be restricted to the filling of interstices between the adjacent stones in hearting and these shall not 
exceed 1 5 per cent of the quantity of masonry. 

(iv) Bond stones or headers shall be at 1 .5 m or 1 .8 m apart clear in every course. The headers shall overlap at least 1 50 mm. 

(v) Face stone shall tail into the work for not less than their heights and at least one third of the stones shall tail into the work 
for a length not less than twice their height. 

(vi) The face joint shall not be more than 20 mm thick. 

(vii) The height of course shall depend on locally available size of stone. In no case the height of course should be less than 1 50 
mm. The heights of courses generally adopted are 1 60 mm, 1 80 mm and 200 mm. 

(viii) The size of face stones for these heights of courses are given in Table 7.10. 



Table 7.10. Size of Face Stones 



Size 


Height of 


Minimum 


Preferable 


Size of Longer Stones 




Course (mm) 


Acceptable Size 


Size (mm) 


/3 rd of Total Face 






(mm) 




Stones 1 (mm) 


' A 


160 


150 x 150x 200 


150 x 180 x 225 


150 x 180x 300 


B 


180 


170x 170x 210 


170x 210x 255 


170 x 210 x 340 


C 


220 


190 x 190 x 225 


190 x 225 x 280 


190 x 225 x 380 
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(ix) Size C can be adopted for precast concrete blocks of 1 :3:6 (cement:sand:coarse aggregate). Although there is no restriction 
for adopting the other courses (A and B), it is desirable to adopt 200 mm courses and insist on getting large size stones 
from quarries. 

(x) Sizes of stones as specified above are not cut by labour and generally random sizes are made. With some efforts it should 
be possible to obtain the size of stones as specified above. On measuring the sizes of stones, the height of course should be 
fixed by the Engineer-in-Charge and insisted upon in the construction. The length of header should not be less than 400 mm. 

(xi) The back batter of abutment is one horizontal to three verticals. The offset should be l/3 rd height, of course, if stepped 
masonry is provided in place of batter. The front batter below ground level is one horizontal to two verticals, the offset 
will therefore be Vi the height of course. 

(xii) The laying of stone masonry: On fixing the face stones in position, the stones in the hearting should be placed and fixed in 
mortar and all interstices and stone chips laid in mortar should fill in gaps. In this way each stone in hearting shall be fixed 
properly in the course. The method of laying hearting between the face stones and pouring mortar and water is not a sound 
practice and should not be followed. The vertical pin headers shall be provided in each course for attaining bond between 
the two courses. Generally Grade 33 or blended cement should preferably be used for masonry works. 43 Grade cement 
causes shrinkage and may be avoided in stone masonry works. 

7.9.3. Concrete : 

According to IRC: 21, Ml 5 is the minimum grade of plain concrete and M25 is the stipulated strength for 
RCC. The nominal mix adapted in small works and their corresponding strength for different works using 43 
grade cement is given in Table 7.1 1 for guidance. 

Table 7.1 1. Grades of Concrete 



Grade 


Nominal Mix 


Usage 


M10 


1:4:8 


Lean concrete as levelling course 


M15 


1:3:6 


Concrete blocks, PCC Pier, Foundation concrete for masonry works 




1:214:5 


Abutment, Wing/Return Walls, Foundation for RCC works 


M20 


1:2:4 


RCC pier, Abutment caps, Raft foundations, Dirt walls 


M25 


l:l'/ 2 :3 


RCC superstructure 



Note: Mix proportions are by weight 



Ml 5 could also be used as foundation concrete below abutments and piers where SBC is low. 

The sizes of reinforcement to be used for RCC slabs and the grading of aggregates are specified in the 
schedule of rates issued by different States. It is advisable to use power driven concrete mixer to produce 
concrete for all culverts. Similarly, needle and form vibrators should be used for compaction of concrete. 
Bottom cover of concrete must be ensured by providing precast briquettes of concrete. However, concrete 
must be suitably vibrated. Water cement ratio must be limited to 0.45 (maximum). With the use of plasticisers, 
the w/c ratio can be brought down to 0.4. Measurement of volume mix concrete in rural areas is generally done 
by locally made containers arid there is no uniformity in size. It is advisable to key 6 steel boxes each with a 
volume of half bag, the size being 300x300x195 mm with 2 handles. This can be easily lifted by a male labour. 
With the usage of these boxes quality of concrete improves. Wherever possible, mix design can be prepared by 
weigh batching and converted to volume batching by using boxes of appropriate size. 

7.9.4. Reinforcement details : Lengths of bars, bending profile and numbers are given in the Plates 
listed in Section 7.11. Cutting of bars from available stock must be done carefully. Generally the tendency is to 
cut bars of required lengths and discard pieces of shorter lengths leading to greater wastage. There is no restriction 
m providing staggered overlaps 1 in every 5 bars (4 bars of full length and one overlapped or welded bar). The 
calculated quantities of steel are increased by 4 per cent to account for overlaps. However, cranking of 
reinforcements may be avoided, for spans less than 4 m. In case of welding, the relevant Clauses in IRC:21 may 
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be adhered to. Steel riders should be provided at cranked bars for maintaining them in correct position and 
alignment during concreting. 

7.9.5. Precast works : As already mentioned, if factories manufacturing concrete blocks of Ml 5 
strength and about 0.6 to 1 m wide precast RCC slab (upto 2 m span) are located near by quality products would 
be available and work can be expedited. For spans larger than 2 m, cast m-situ concreting is resorted to. 

7.9.6. Fly ash bricks : These bricks are now manufactured extensively and the minimum strength 
required is 7 MPa. Such bricks can be used for culverts. The brick masonry work would be faster. On account 
of restriction in making deep pits in ground for brick, fly ash bricks of strengths more than 7 MPa are manufactured 
extensively near towns. It would be possible to identify requirements of total quantity of bricks for culverts and 
establish factories of fly ash bricks in several districts at suitable places and transport them to the sites of 
culverts. 

7.9.7. Setting out of culverts : Setting out of culverts should be done from four masonry pillars, two 
in the direction of road and two along the drain, all placed along two centre lines. The top of pillars in the 
direction of road should be at the proposed top level of deck slab. Two lines, one across the road top level of 
deck slab, two lines, one across the road (zero line) and one along the centre line of road should be inscribed on 
one of the pillars and all distances along and across be measured from these lines. The pillars should be placed 
sufficiently away from the zone of excavation. 

7.9.8. Protection works : For better performance, protection work at abutment is necessary. Details 
are given in Plates 7.20 and 7.21. 

7 1(0) Recommendations 

(i) For catchment areas upto 20 hectares pipe culverts will be economical in comparison to slab culverts on 
all types of roads. This criteria will be suitable if the pipe manufacturing factory is situated within a 
distance of 300 km from the site of work. Availability of pipes should be assessed before specifying pipe 
culverts; otherwise the work of culverts is likely to be delayed. 

(ii) For catchment areas more than 50 hectares, RCC slab culverts offer economical solution. Alternatively 
*box culverts, single or multiple cells can be used. The cost of other CD works are to be worked out 

separately. 

(iii) All the culverts and small bridges upto 15 m span must be of high-level type. Minor bridges could be 
either high level or submersible type. Submersible bridges are adopted if the cost of bridge and approach 
is less than 70 per cent of the cost of high-level bridge with approaches. Protection works of approaches 
are necessary for causeways and submersible bridges and the details for the same are given in Plates. 
Precast units can also be used for arch form of construction. 

(iv) Quality control in the work: Construction of a culvert can be expedited if precast concrete blocks are used 
instead of masonry for abutments and precast RCC slabs can be adopted for culverts upto 4 m length in 
rural areas. Fly ash bricks or other bricks having strength more than 7 MPa can also be adopted in the 
construction of arch culverts and abutments of slab culverts of low heights. 

(v) Power driven mixers and vibrators must be used for concrete works and the water cement ratio be restricted 
to 0.45. It is advisable to use plasticisers and reduce w/c ratio to 0.4 to achieve higher strength of concrete. 

(vi) With a view to expedite preparation of estimates, quantities of abutment return and deck slab are given 
separately. In Plate 7.24 the quantities for an overall width of 7.5 m, 6.4 m and 6.0 m have been given. 

(vii) This Manual contains guidelines for raised causeways, anchorages of submersible bridges and details of 
protection work as well. Width of 7.5 m, 6.4 m and 6.0 m have been given. 

(viii) This Manual contains guidelines for raised causeways, anchorages of submersible bridges and details of 
protection work as well. 
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Appendix-7.1 

Guidelines for Construction of Causeway 

7.1.1. Introduction 

A road network is never complete till all CD works including minor bridges and major bridges on the 
same are completed. Due to several constraints on the allocated funds for roads, many a time the CD works and 
bridges on the road network are taken up later on. However, till these bridges and CD works are completed to 
make the crossings fordable during monsoon and floods, the causeways or such type of lower level passages 
have to be constructed at least to make them usable during the post monsoon period. The causeways or paved 
dips (hard passages) are no substitute for high-level bridges or submersible bridges with permissible interruptions 
to traffic. Such causeways are essentially low cost solutions designed for floods of frequency much higher than 
those for submersible bridges. Apart from floods, the causeways are not designed for all such forces, which are 
considered for design of bridges. Therefore some damages during floods do occur on such causeways. However, 
if proper precautions are taken in planning and designing of the causeways, some of the damages though 
cannot be- avoided altogether, could at least be minimized. Some of guidelines would enable the field officers 
in planning, designing and construction of causeways to avert or minimize major avoidable damages. 

7.1.2. Definition 

Causeway : A causeway is a small submersible structure with or without openings, which allows flood 
to pass over it. Depending on the type of construction and the road level above the bed of the watercourse, these 
structures can be classified under, flush, low level and high-level causeways. 

Flush causeway : It is a paved dip or road dam of a roadway, built to cross a shallow watercourse. The 
top level of road dam shall be at the same level as that of the bed of the watercourse. 

A low level or a vented causeway : This is a structure provided with a few openings comprising of 
pipes, short span slabs or small arches etc. with a raised road top level to a moderate height upto 1.20 m. In 
exceptional cases it may be 1.50 m high. 

A high level causeway : This is a submersible structure provided with larger openings comprising of a 
simply supported/continuous RCC slab or multiple arches or boxes and a raised road top level to a reasonable 
height upto 1 .50 to 3.00 m. The RCC slab may be supported over a series of short masonry piers. 

7.1.3. Causes leading to damage : A study of the damages to causeways and their malfunctioning 
reveal some of the following characteristics: 

(i) Outflanking of the causeways. 

(ii) Collapse of downstream head wall. 

(iii) Damages to road pavement on the causeways. 

The probable causes of the above damages could be : 

(i) Inadequate or blocked openings; 

(ii) Scour on the downstream side; 

(iii) Inadequate keying of the headwall in the natural banks. 

(iv) Silting on the upstream side and High velocity of steam and inadequate pavement protection. 

7.1.4. Precautions to be taken : It is generally observed that the Road Top Level (RTL) selected is 
abnormally high compared to the vent way provided. This condition causes heading up of water on upstream 
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side and results in producing high velocities, which lead to structural failure and also out flanking. The road top 
level of the causeway should be kept as low as possible and be restricted to the heights mentioned in paras 7.2. 1 
to 7.2.3 of Appendix-7.2. 

Area of the Vents : The water way provided in the causeway should not be less than 30 per cent of the 
area of the stream, measured between the stream bed level and the proposed top level of road. However, larger 
vent area is desirable in case where the causeway is located on the existing natural crossings. These areas 
should be calculated at the defined cross-section of the stream. In scanty rainfall areas, i.e., annual rainfall less 
than 750 mm, the vent area can be brought down to 15 per cent. 

The upstream and downstream face walls of the causeway should cover the whole bed width of the 
watercourse in case of vented and high level causeways. A rising face wall should be provided upto the top 
level of the protected bed. This face wall serves two major purposes, viz : 

(i) It converges the flow and avoids out-flanking. 

(ii) It protects the pavement and makes the shape hydraulically efficient. 

Foundations of the headwalls should be taken sufficiently deep to avoid exposure due to scouring. Extra 
care should be taken about the depth of foundation of the downstream head wall in erosive strata, like, soil, soft 
moorum and sand. In erosive strata, downstream protection by way of apron, should invariably be provided. 

It is observed that in causeways with pipe openings, the general tendency is to provide 600 mm thick 
earth cushion above the pipes. Even though this cushioning is essential for the load distribution and safety of 
the pipes in general, this provision increases the Road Top Level (RTL) undesirably high and makes the 
submersible structure hydraulically inefficient. This cushioning should be reduced to the barest minimum by 
providing Cement Concrete Pavement, Stone Set Pavement or Penetration Macadam, etc. above the pipe 
openings. 

As the causeways are expected to allow the flood water to pass over them and the traffic requirements 
demand immediate use, the road surface on the causeway should be such that it does not get damaged due to 
frequent over topping. Sufficiently stable pavement should, therefore, be provided for the full width of the 
causeway. It should also cover the protected bed portion of the causeway. In case of large submergence, where 
submersible approaches are provided, similar suitable precautions should be taken while providing the pavement 
including downstream protection. 

It is observed in many washed out and a pavement damaged causeways that the filling between the head 
walls is done with clayey material. As it is very difficult to ensure proper consolidation around pipes, the use of 
clayey material should be avoided in causeway construction. Filling between the headwalls should be done 
with granular material like, sand, hard moorum, pebbles; gravel, small boulders, etc. As the river/steam bed 
generally consists of such materials, best use of the same should be made of. If required, such material should 
be brought from outside but in no case clayey material is used. 

To increase hydraulic efficiency and structural stability, the following may be considered: 

(i) It is preferable that the downstream headwall should have batter on the outside, i.e., on downstream side 

(ii) It is also preferable to provide rounding at the outer corners to both the headwalls 

(iii) It is preferable to provide slight camber to pavement on one side only, i.e., slopping to downstream side only 

(iv) Road top level and top of coping above headwalls should be the same. 

In case of streams carrying heavy silt and floating debris, it is desirable to provide a catch pit at the 
upstream side opening to the vents. In case of streams carrying large floating debris, it is desirable to provide 
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large openings comprising of slabs or arches rather than small openings of pipes. In case streams carrying large 
floating material such as small bushes, trees and debris, arresters should be fixed on upstream side. 

The work of causeway proper, its approaches, paving and the protective works like apron, paved drains 
in approaches, pitching for the approaches, etc. should be so planned and undertaken, that all the works are 
completed before onset of monsoon or else the function of the causeway structure gets impaired and the work 
may be damaged. 

7.1.5. Design aspects : For designing causeway by Engineers in the field, a simple step-by-step 
procedure is described in Appendix-7.2. It should be noted that while adopting the option of causeway and 
effecting economy, basis principles of sound engineering practice and minimum technical requirements are not 
overlooked. 

These aspects should be kept in mind and to ensure strict adherence to the guidelines. Specific attention 
should be paid to the following: 

(i) Road top levels above bed should be as low as possible as per guidelines for different types of openings. 

(ii) Vent opening below road top level. 

Lower limit of 30 per cent of the area below RTL. 
And lower limit of 1 5 per cent for scanty rainfall area. 
However, higher vent area is desirable. 

(iii) Headwall shape in elevation-trapezoidal, blending smoothly with the natural cross-section of the watercourse with desir- 
able grade 1 in 30. 

(iv) Provision of apron for downstream protection in erosive strata. 
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Appendix-7.2 

Guidelines for Design of Causeways 
(Issued by Govt, of Maharashtra) 

7.2.1. General principles : A causeway is a structure midway between a full-fledged bridge 
(permitting full opening to flood waters) and a natural crossing obstructing no water way at all. A full-fledged 
bridge provides uninterrupted passage for traffic throughout the year while a natural crossing provides passage 
only during the dry season of the year. 

A Causeway provides passage to the traffic in a major part of the year except during the flood season. An 
engineer has to understand its shortcomings and take appropriate counter measures to make best utility out of 
it and effect maximum economy while designing it. 

It is expected that a causeway remains undamaged during maximum flood and remains functional during 
the rest of the time. There is inter-relationship among road top level (RTL), opening provides below RTL 
(Vent way) and length of the protected bed (Horizontal length of face wall and rising portion of the face wall on 
both banks). For evolving most economical, stable and hydraulically efficient designs, different trials with the 
above three parameters (i.e., RTL, Vent way and extent of protected bed) have to be undertaken. For successful 
prevention of out-flanking, it is necessary to carry out proper calculation of the number of vents and length of 
rising face walls. It is very important to note that in a vented causeway, the rising face wall plays a very 
important role in prevention of out flanking. For any natural watercourse, the most efficient hydraulic section 
is hyperbolic open channel. Nature invariably adapts the same sections. In road geometry, it is difficult to use 
this section in its true shape. So a modified shape in the form of trapezoid is best adapted amongst all other 
practicable shapes. This shape is achieved by rising face walls on the flanks and keeping the central porton of 
the face wall at one level. The entire zone between these face walls should be paved and is generally referred as 
protected bed. 

7.2.2. Component parts : Simply raising the road top level of the causeway never ensures facility to 
cross at higher floods unless adequate openings are provided. Otherwise it amounts to construction of a road 
dam raised above the streambed which fails invariably. If due to cost consideration, it is not possible to provide 
full openings for the floodwaters, the only alternative left is to reduce the height of causeway to the barest 
minimum. In all flow conditions and the floodwater upto RTL is the most critical condition especially for the 
submersible bridges. If the construction is low, the flow becomes smooth, and the velocity remains under 
control, thereby the damages are less. In all the types of causeways, the RTL should, therefore, be kept as low 
as practicable. 



Following recommendations are made: 



Types of Causeway 


Preferable Height 


(i) Paved dips or road dam 


Same as stream bed level 


(ii) Low level or vented causeway 


Maximum height should be 1 .2 m above bed in exceptional case 1 .5 m 


(iii) High level causeway 


Maximum height should be 3 m above the bed. 



Openings or vent area : Vent area or openings provided below the RTL plays a great role in operational 
efficiency and the hydraulic efficiency of the structure. It is desirable to provide vent area of at least 30 per cent 
of the area obstructed at RTL. Higher values of vent area will reduce the expenditure on the raised face walls 
and protected bed. In scanty rainfall areas, i.e., annual rainfall less than 750 mm, the vent area could be brought 
down to 15 per cent. 
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In case where the causeway is located at the existing natural crossing, the obstructed area should be 
calculated on the suitable defined cross-section of the steam immediately near the crossing by transferring the 
road top level on that section. 

Openings may be provided by Hume pipes. RCC slabs, Arches or RCC box cells. In erosive strata these 
openings should be equally spaced through out the channel portion. The spacing could be designed in central 
zone of causeway. In case of rocks and other non-erosive strata, the spacing may be suitably changed and 
openings may preferably be provided in the lowest portion. 

In case of openings with pipes it is desirable to keep down stream sill of the pipes 300 mm below the 
average bed level and to lay them to the shape of the stream. In order to keep down the RTL and increase the 
percentage value of opening, the height of cushion above the pipes should be as low as possible. To enable such 
reduction from structural point of view, it is desirable to provide cement concrete of Ml 5 grade or stone paving 
on the top of pipes. In low rainfall areas where frequency of floods is less, a cushion with WBM and Penetration 
Macadam also serves the purpose. With these specifications the height of cushioning above pipes can be 
reduced to 225 mm. 

Face walls and protected bed : Major portion, of the floodwater has to be allowed to pass over the 
headwalls of the causeways. The structure should, therefore, be strong enough to avoid damages during the 
floods. In order to keep velocities at the downstream, in desirable limits and avoid outflanking, cross-section 
of flow should be adaptable to nature as explained earlier. This is achieved by providing raised face walls to a 
certain level and protecting the paving upto that level. 

It is desirable to keep the obstruction below 30 per cent to ensure sound behaviour of the hydraulic 
structure. Taking the clue from the same, if the headwalls are raised and anchored into the bank upto a certain 
level, it will provide additional area over the road top and limit the gross obstruction to flow at 30 per cent. This 
would result into a stable structure and will not lead to outflank. 

It is desirable to provide length of the level portion equal to the width of the stream at RTL at defined 
cross-section plus 2 to 5 m on either side. The length of rising face walls will be governed by the difference 
between Protected Bed Level (PBL) and RTL and the gradient for the protected bed. This gradient should 
preferably be 1 in 30 in a flat terrain or shallow stream and may be steeper in hilly terrain and/or deep gorge but 
should be limited to 1 in 15. 

"For the structural stability and better hydraulic performance", it is desirable that batter should be provided 
on the outside faces of the headwalls. At least downstream face wall should have batter on downstream side. 
Road level corners of the headwalls should be provided with suitable rounding. The face walls may be constructed 
in cement concrete (M15) or random rubble masonry or some suitable material. Care should be taken to keep 
the top of coping exactly at the same level as that of the road top. 

Foundation of the level face wall and 1 to 2 m portion of the raised face wall should be taken sufficiently 
deep to avoid exposure due to scouring. Extra care should be taken of the downstream face wall in erosive > 
strata. 

(a) When the height of causeway is less than ] .2 m above the bed level, the depth of foundations may be within 1 .5 m in soils 
other than purely sandy soils. For sandy soils this may be taken as 1 .8 m. 

(b) When the height is upto 3m, the depth of foundations may be taken upto 2.5 m. in normal soils. 
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(c) The general depth of foundations in different strata may be as follows: 



Hard Rock 


300 to 450 mm 


Soft Rock 


600 to 900 mm 


Hard Moorum 


1.20 m 


Soft Moorum 


1.50 m 


Expansive Soils, like, Black 


1 .50 to 2.50 m with 


Cotton Soil 


Usual precautions 



(d) Further refinement in the depth of foundation can be done by carrying out elaborate scour calculations. 

(e) Foundations in erosive strata such as soils, sand, silt, etc. should be protected on downstream side with suitable aprons. 

Protective apron : Due to 70 per cent obstruction at road level, a causeway acts, like, a weir and an 
increase in velocity of flow causes scouring on the downstream side. In soils prone to scouring, protection of 
the downstream side bed is essential to protect the foundation of the headwall. 

Protection may consist of stone apron and toe wall. Protection should be provided for the full width of 
the stream at the causeway location. 

(a) For velocities through pipes upto 2.00 m/sec and an afflux upto 450 mm, a 2.5 m long apron with 450 mm thick rubble mat 
and toe wall should be provided. 

(b) For velocities through pipes more than 2.00 m/sec and an afflux upto 900 mm, a 4.00 m long apron with 900 mm thick 
stone mat upto 2.00 m and then same reduced to 300 mm at the toe end with toe wall, should be provided. 

(c) In no case, the apron length should be less than three times the height of vented causeway above the apron level. 

Road crust or paving over causeway : Since a causeway is expected to allow the flood waters to pass 
over it and is also expected to serve the traffic immediately after the flood recedes, the road surface on the 
causeway should be so chosen, that it does not get damaged due to frequent overtopping. 

Sufficiently stable pavement should be provided for the full width of the causeway and the protected bed 
portion. For approach m cutting, paved side drains should be provided and portion upto 1 .5 m height along the 
side slopes should be provided with rubble pitching. Similarly, paving over causeway may comprise of: 

(i) Cement concrete pavement laid over WBM 

(ii) Stone sett pavement on suitable surface 

(iii) Rigid pavement with thin carpet 

7.2.3. Design procedure : Simple approach in designing the causeways by Field Engineers is given 
below. As explained earlier, the important components of the vented causeway are vents, rising face walls and 
paved road surface, which together ensure stability and prevent outflanking. In that case, the flow condition is 
analysed with respect to top of protected bed and if the percentage obstruction to flow at that level is kept below 
30 per cent, then normally no outflanking takes place. Thereafter at subsequent floods with higher levels than 
PBL, the percentage obstruction will go on reducing and the structure becomes safe in all conditions. For 
designing, the Field Engineers should find out defined cross-section m the vicinity which represents soil 
conditions truly and all the calculations as mentioned below should be based on the same. 

Step by step procedure : 

(i) Normal hydraulic data, such as, catchment area, annual rainfall, HFL, site plan, L Section, tide level, etc. are collected. 

(ii) Defined cross-section to a natural scale is plotted. 

(iii) The cross-section of crossing at proposed location to the natural scale is plotted. 

(iv) The RTL is decided as low as possible and transferred to the same to the defined cross-section. 

(v) The area below RTL is calculated at the defined cross-section. 
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(vi) The vent area is calculated, i.e., 30 per cent of the area "X" [Refer para 7. 1 .4 "X" of main guidelines (Appendix-7.1) in 
case of scanty rainfall] and arrive at the area "A". 

(vii) The length of horizontal portion of the face wall and length of rising face wall are decided by trial with following guidelines: 

(a) Length of horizontal portion should be equal to bed width of the channel plus 4 to 1 0 m additional length 

(b) Suitable gradient of rising face wall is assumed between 1 : 1 5 to 1 :30. 

(c) For first trial a 300 mm level difference is assumed between RTL and PBL. 

(viii) The RTL and PBL are transferred to defined cross-section. This can be achieved by matching the sill level of the vents 
with that of the lowest bed level of the defined cross-section. 

(ix) The area of flow available at the vented causeway upto protected bed is calculated. This consists of the area of vents and 
the area between road level and protected bed top level - "X" + = "AC". 

(x) The area at the defined cross section is calculated for the corresponding level of protected bed. 

Y+X = "AN" 

(xi) The percentage obstruction to flood shall be: 

(AN -AC) /AN x 100 

If the obstruction is not less than 30 per cent, then steps (vii) to (xi) are repeated by increasing the toplevel of the protected 
bed by 200 mm. 

(xii) The proposal, which would give percentage obstruction less than 30 per cent is finalised. The worked out example is 
given below: 

Worked out example 

Name of work - Construction of a Causeway (16 Rows of 1000 mm diameter) 



Hydraulic Data 



Parameter 


Data 


Unit 


Catchment Area 


11.250 


Sq. km 


Bed width of define cross-section 


25 


Metre 


Bank width of define cross-section 


42 


Metre 


HFL 


102.42 


m 


LBL (Lowest Bed Level) 


98.905 


m 


Discharge by Inglis Formula 


508.00 


Cumec 


Protected Bed Level 


100.90 


m 


RTL 


99.96 


m 


Annual Rain Fall 


1250 


mm 



Design of Vents 

(i) Provide vent area 30 per cent of area on defined cross-section of RTL, i.e., 25x (99.96-98.905) = 26.375 sqm. 

26.375 x 30 

100 = 7.913 sqm 

(ii) Number of 900 mm diameter pipes 

7. 913 

|x(0.9) 2 = 12.44 

Say 13 Numbers 

(iii) Provide 16 no. of pipes as pipes can be accommodated in bed width, i.e., 25 m at defined cross-section. 
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Calculations of Area on defined cross-section at RTL 100.765 



Chainage 


m 


DTI 
KIL 

m 


Difference 
Between 

DTI Mr fl 

Kl L (V VjL 


TV/1 r| 

v> i 1 i i xt n 1 1 
mi 


I an nth 

Lengin 
m 


weneu /\rea 
Sq. m 


22.2 


101.705 


101.705 


- 


- 


- 


- 


20 


1-1.445 


101.705 


0.261 


0.13 


2.20 


0.286 


15 


100.695 


101.705 


1.01 


0.635 


5.0 


3.175 


10 


100.125 


101.705 


1.5 


1.295 


5.0 


6.475 


5 


100.045 


101.705 


1.66 


1 .620 


5.0 


8.10 


0 


99.955 


101.705 


1 .75 


1 .705 


5.0 


8.525 


5 


99.695 


101.705 


2.01 


1.880 


5.0 


9.46 


10 


99.365 


101.705 


2.34 


2.175 


5.0 


10.875 


15 


99.995 


101.705 


1.71 


2.025 


5.0 


10.125 


20 


100.795 


101.705 


0.91 


1.310 


5.0 


6.55 


25 


100.605 


101.705 


1.1 


1.005 


5. 0 


5.025 


30 


101.165 


101.705 


0.54 


0.820 


5.0 


4.1 


35 


101.615 


101.705 


0.09 


0.315 


5 


1.575 


35.8 


101.705 


101.705 




0.045 


5.8 


0.036 


Total : 74.277 Sq. m. 

Calculations of Area between RTL and PBL on existing cross-section 


Chainage 


GL 
in 


RTL 
m 


Difference 
Between 
RTL & GL 


Mean 
Difference 
m 


Length 
in 


Wetted Area 
Sq. m 


34 


100.9 


100.9 










16 


99.96 


100.9 


0.94 


0.47 


18 


8.46 


0 


99.96 


100.9 


0.94 


0.94 


16 


15.04 


16 


99.96 


100.9 


0.94 


0.94 


16 


15.04 


34 


100.9 


100.9 




0.47 


18 


8.46 



Total 47.00 Sq. m. 



Percentage Obstruction 

Al = Area provided through vent 

16 x 0.7854 x (0.9) 2 
10.18 Sqm 

A2 = Area of protected bed, 

i.e., Area between road top and top of protected bed 

47. 00 Sq. m 

B = X + Y Area of define cross-section corresponding to protected bed top 

Per cent Obstruction = (1 - A1+A2) x 100 

B 

(1 - 10.18+47.00 ) x 100 
74.24 

= 23 < 30 per cent 
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1200 M M. PIPE CULVERT SINGLE ROW & DOUBLE ROW 



BED 

} ... ... \ . 

', M |\.„ 

SECTION AT B-B 
SINGLE ROW CULVERT 1200 M.M 



-1st CLASS BEDOING 



SECTION AT E-E 
1000M.M. DIA. CULVERT 



300 TH DRY STONE PAVEMENT 
-OVER FILTER GRANULAR 
MATERIAL BACKING 150mm 



Ml 




B"«l 

PLAN OE 1200mm DIA SINGLE ROW CULVERT 



300 THICK ORT STONE PAVEMENT 
- OVER FILTER CRANULAR 200x200X250 GUARD 

MATERIAL BACKING ISOmm /-STONE O 1500 C/C 




PLAN OE 1200mm DIA DOUBLE ROW CULVERT 




SECTION AT C-C 
DOUBLE ROW CULVERT 1200 mm. 



CLASS BEDDING 




4 



SFCTION AT D-D 
1000mm DIA PIPE CULVERT SINGLE ROW 



300 THICK DRY STONE PAVEMENT C ^ 

OVER FILTER GRANULAR 200*200X250 GUARD ~ 

UATERIAL BACKING 150mm , — 5 1 ONE O 1500 C/C 




NOTES : - 

1. ALL DIMENSIONS ARE IN mm UNTIL & UNLESS STATED. 

2. THE PIPES SHALL BE DC C. NP 3 NON PRESSURE PIPES 
THE SPECIFICATIONS OF PIPES SHALL BE AS PER I S 458 
OF 1988 

3. MINIMUM CUSHION ABOVE PIPE INCLUDING ROAD CRUST 
SHALL BE 1 OM. 

4. QUANTITIES OF ITEMS OF WORK REQUIRED IN THE DESIGN 
ARE GIVEN IN TABLE N0.1 THE COST OF PIPE WITH 
TRANSPORTATION COST UPTO SITE EXCLUDED 

5. IN GHATS IF DOWN STREAM IS LOW SLOPE MAY BE 
INCREASED UPTO 1:20. IF UP STREAM IS HIGH HALF ROUND 
WELL BE PROVIDED 

6. CLEAR DISTANCE BETWEEN PIPES MAY BE ADOPTED 500mm 
FOR 1000» PIPES (UPTO 6 ROWS) & 600mm FOR 

1200» PIPES (UPTO 5 ROWS). LENGTH OF HEAD WALL 
WILL BE :- 

7. PARAPETS COULD ALSO BE BUILT WITH BRICK MASONRY IN 
C.M.I: 3 OR CEMENT CONCRETE 1:3:6. 



tooo - !" 1 2300 700 



E^i 

PLAN OE 1000mm DIA SINGLE ROW CULVERT 



1000 OlA PIPE 



1200 OlA PIPE 



SR 
NO 


ITEM OF WORK 


'ARTICULARS 


llXJUmm 
SINGLE 
ROW 


12U0mm 

SINGLE 
ROW 


lUUUmm 

00U8LE 
ROW 


1 


2 


3 


4. 


5 


6 


1, 


EXCAVATION 


QUANTITY 


61 46CU.M 


77.27CU U 


98 04CU M 


2 


FOUNDATION 
CONCRETE M-15 


QUANTITY 


02 71CU.M 


33 2JCU.U 


04.01CUM 


3 


FORMWORK 


QUANTITY 


15 82SO M. 


16 81S0 M 


3O60SOM 


4. 


C R.STONE MASONRl 
IN CM 1:4/1:5 


0UANT1TY 


24 48CU.M 


34 85CU.M 


39 72CU M 


5 


CEMENT CONCRETE 
1 2:4 


OUANTITY 


D6.26CU M 


06 32CU.M 


14.54CUM 


6. 


BOULDER PITCHING 
APRON ETC 


QUANTITY 


10 08CU U 


1305CU.U 


16 30CUM 



RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 



DRO TITLE 

DETAILS OF PIPE CULVERTS 7.5 M. 
OVERALL WIDTH AT ROAD TOP 



PLATENO.-7.0I 
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□ 



C-R UASONRY 2nd 
SORT in ON i:4 
BELOW CL 



FOUNDATION C C.U 15 OR ABUTMENT 
-IN PLACE Of 1 3 BACK BATTER 
STEPS MAY BE PROVIDED 200mm 

ELEVATION ££^ FSET w AS P£R 9ZE <* 




HALF PLAN 

(TYPICAL DETAILS OF A CULVERT) 



I.R.C. 
CLASS AA 







40 






4 








ROAD LEVEL 




1x2«5 



SLAB CULVERT 
ARCH 
BOX TYPE 
PIPE 



NUMBERING OF CULVERT 

(ON 400X400X600 RCC PILLARS AT 4 ENDS) 



NOTES 



TOP SLAB THICKNESS 
FOR 1 5M SPAN = 210 
FOR 2.0M SPAN = 240 
FOR J.OM SPAN = 300 



fealty ) 







HEIGHT 
3610 
3640 
3700 



SPAN HEIGHT 

1.5 4120 

2.0 4150 

3,0 4210 



SPAN HEIGHT 

1 5 4630 

2.0 4660 

3.0 4720 



DIFFERENT SECTIONS OF ABUTMENT FOR 1.5M SPAN & HEIGHT 3.0M TO 4.7M 







DIFFERENT SECTIONS OF RETURN FOR 2.0M SPAN & HEIGHT 3.0M TO 4.5M 
. «™n £S l 1 — I 3000 1 



jB- 



■ 450*375 KERB 



CROSS SECTION 



[X 



I_ 



- 400x400*600 PILLAR 



PLAN 



ALL DIMENSIONS ARE IN mm UNTIL & UNLESS STATED 

COPING, DIRT WALL FOR ABUTMENT It COPING FOR RETURN OF CULVERTS & SMALL BRIDGES IS 
P CX. COPING PROVIDE SURFACE STEEL 85200 c/c BOTHWAYS ON EXPOSED SURFACE OF 
ALL PCC MEMBER. 

THE HEIGHT OF CULVERT SHALL BE FROM THE TOP OF FOOTING TO THE TOP OF DECK SLAB. 

THE OVER SIZE METAL CUSHION 150mm THICK SHALL BE PROVIDED FOR FULL AREA BETWEEN 
RETURNS. THIS WILL BE FOLLOWED BY 150mm THICK W B M. AND 75mm BITUMINOUS WEARING 
COAT. 

THE WEARING COAT OVER THE DECK SLAB AND BETWEEN RETURNS SHALL BE AS: - 
20mm PREMIX CARPET WITH SEAL COAT (5mm) 

THE TOP SURFACE OF ABUTMENT CAP SHALL PAINTED BY BITUMEN AND GAP(EXP JOINT) BETWEEN 
SLAB tc DIRT WALL SHALL BE FILLED WITH BITUMEN OR OTHER FILLING MATERIAL. 
SECTIONS CAN BE ADOPTED FOR WIDTHS 7 5M.6 4M.AND 6.0M. 



RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 



SECTIONS OF ABUTMENT & RETURN 
SPANS 1.5 M. TO 3.0 M. FOR P.C.C./MASONRY 



PLATE NO.-7.02 
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SLAB DEPTH 
T ~X CAP DEPTH 



c.«.y.so«*v 2» SPAN 4.0 M SPAN 5.0 M SPAN 6.0 M 

«»'«»"■» DETAILS OF ABUTMENT CAP FOR DIFFERENT SPAN 



a 



ELEVATION 



for ASuruENrs m 

:3 BACK Batter STEPS may 

■ 6C PROVIDED Of 200 mm MDOI * 66.6 

( 4.0 U TO 6 0 U SPAN ) 0fFSE ' or *s po» the aa or a**st 

-BE PLASTERREO FOR NUU8CRMC 
l£FT HAM) FACE OF RETURN TO 



-WEARING COAT 75mm THK. 



CROSS SECTION 

«0O 




SACK FRONT 
OFFSET TOP WDTH OFFSET' 
' I I 



-.VERTICAL OFFSET 
— ^ 200 nun 

HORIZONTAL OFFSET 



P CC W DTH 



P C C. WDTH 




VERTICAL OFFSET 



TYPICAL SECTION^ OF^ABUTMENT TYPICAL SECTION OF RETURN 
r 




HEIGHT 4 F|M TQ 50 M 



HFIGHT 5.? M TO 6.0 M HEIGHT 6.2 M TO 7.Q M 

SECTION OF ABUTMENTS 



HEIGHT 7 2 M TO 60 M 




HEIGHT 6.2 U TO 7 0 U 



HEIGHT 6 2 U TO 7.0 M 

SECTION OF RETURN WALL 



HEIGHT 6.2 U TO 7.0 u 




ioo NOTES: 

I THE HEIGHT OF CULVERT SHALL BE FROM. TOP OF FOUNDATION CONCRETE TO TOP OF SLAB EXCLUDINC WEARlNC COAT 
! OVER SIZE METAL PACKING 150mm THICK SHALL BE PROVIDED IN FULL AREA BETWEEN RETURNS THIS WILL BE FOLLOWED BY 150mm THICK 

WATER BOUND MACADAM AND WEARING COAT 
> THE WEARING COAT OVER THE DECK SLAB * BETWEEN RETURNS SHALL BE 20mm PRE MIX CARPET WTH 5mm SEAL COAT 
I PROVIDE 6mm THICK PRE MOULDED BITUMINOUS PAD ON THE ABUTMENT CAP * BETVSEN DECK SLAB AND DIRT JMLL FOR ""/^f* ^ N ,I 
S. PROVIDE ONE WATER SPOUT AT THE CENTRE OF SLAB IN PARAPET WALL PROVIDED I ROW OF WEEP HOLES AT 2000 C/C AND AT 1000 C/C 

HEIGHT ABOVE BED LVL FOR ABUTMENT „ 

i SPECIFICATION FOR R OC SLAB AS PER ORG NO. CONCRETE 1:1.5:1 STEEL-HYSD BARS AS PER IS-1786. 
7 LENGTH OF RETURN WALL FOR 5.2U TO 6.0M HEIGHT SHALL BE 5.0 AND 6 OM TO 7.0U. 

\ &2gg!l%£& %XS^^t^tSS^ CULVERTS AND SMALL BRIDGES PCC COPING PROVIDE SURFACE STEEL 

8 • O 200 c/c 60THWAYS ON EXPOSE SURFACE OF ALL PCC MEMBERS. 



SPECIFICATION 

o THESE SECTION FOR CONCRETE M-15 
b C.R. STONE MASONRY IN CM 1:9 ABOVE 

BED LVL & 1:4 BELOW BED LVL. 
c BRICK MASONRY IN CM 1:4 
d WITH BRICKS HAVING STRENGTH >70KG/CM 
e COPING & CAPS- 1:2: 4 CONCRETE 
f MAXIMUM HEIGHT 6 0 M 
g MAXIMUM SPAN 10.0 M 



HEIGHT 6.2 M TO 7.0 I 



RURAL ROADS MANUAL 

CULVERTS AND SMALLL BRIDGES 



SECTION OF ABUTMENT & RETURNS 
WALL FOR 4.0 M. TO 6.0 M. SPAN FOR 
PCC/MASONRY 



PLATE NO.-7.03 
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0.90m. FLEXIBLE STONE MAT 
-360 



-BEARING OF APPROPRIATE 

TYPE OF THICKNESS Y METRES 
-SOLID SLAB HAVING OVERALL 
DEPTH =D 
WEARING COAT 




C.C.1:3:6 
LEVELLING COURSE 



• H/N — I — 0.90 — I — H/4 — I 
-09+H/:+H/4- 

TYPICAL SECTION 



TABLE-I DETAILS OF TYPE SECTION 

(M-15 CONCRETE) 



SR. 
NO. 


HEIGHTS IN 
METRE 
"H" 


VALUS OF BACK 
BATTER 1 IN n 


TAR PAPER 
BEARING 


ELASTOMERIC 
BEARING 


i 


UP TO 4.50 


1:4 


1:6 


2 


4.51 TO 6 00 


1:4 


1:6 


3 


6.01 TO 8 00 


1:3 


1:4 



- 40tT 



i.(1/2"TO 2")SIZE METAL 
. 75mm TO 100mm(3"TO 4") 
OVER SIZE METAL 
100mm. TO l50mm(4"TO 6") 
OVER SIZE METAL 

_150mmTO 225mm. (6"T0 9") 
HAND PACKED RUBBLE. 



| 225mm 

j--0.90rr 

450mm 
J___l_ 



FLEXIBLE STONE MAT 

(SEE NOTE-9) 



GENERAL NOTES: 



6. SEISMIC DESIGNS HAVE BEEN DONE AS PER I S 1893-1970 * PERMISSIBLE 
STRESSES HAVE BEEN INCREASED BY 50% UNOER SEISMIC CONDITIONS 

7. THE 090m THICK FLEXIBLE STONE MAT SHALL BE PROVIDED AS SHOWN 
IN THE SKETCH. 

8. THE TYPICAL SECTIONS ARE WORKED OUT ASSUMING SPANS EQUAL TO 1 25 TIMES 
THE CORRESPONDING HEIGHTS OF SECTIONS. THESE SECTIONS ARE FOR GUIDANCE 
FOR ESTIMATION, EXACT STABILITY CALCULATIONS MAY HAVE TO BE DONE FOR 
DIFFERENT PARAMETRES 

9 BACK FILLING SHALL BE DONE AS PER APPENDIX 6 OF IRC 78-2000 WEEP 
HOLES SHALL BE PROVIDED AT 1000 mm C/C HORIZONTALLY & 1000 mm C/C 
VERTICALLY REGULARLY STAGGERED. 

10, THE LEVELLING COURSE BELOW SHOULD BE PROVIDED WITH SUITABLE OFFSET 
(MINIMUM 0.15m) TO RESTRICT BASE PRESSURE ON SOIL WITHIN IT'S BEARING 
CAPACITY. 

11 IN CASE OF DEEP FOUNDATIONS IF THE SOIL OF REQUIRED BEARING CAPACITY IS 
NOT MET WITH AT REASONABLE DEPTH THE SECTION B-B SHALL 8E JUST BELOW 
MAXIMUM SCOUR LEVEL AND THE BOTTOM PORTION 8EL0W SECTION B-8 UPTO 
FOUNDATION LEVEL SHOULD BE TAKEN VERTICALY DOWN WITH SUITABLE OFFSETS 
& ANULER SPACE REFILLED AND PROPERLY COMPACTED. 

12. THE SECTIONS ARE APPLICABLE BOTH FOR HIGH LEVEL AND SUBMERSIBLE BRIDGES 

13. ALL DIMENSIONS ARE IN mm UNTIL & UNLESS STATED 

14 THE SECTIONS SHOWN APPLY TO SEISMIC ZONE 1.11,111 & IV 

15 WIDTH AT BASE COULD BE INCREASED/DECREASED AS PER SBC REQUIREMENT. 



1. I R C. STANDARD SPECIFICATIONS AND CODE OF PRACTICE FOR ROAD BRIDGES 
SECTION I TO IV HAVE BEEN USED IN THE OESIGN EXCEPT STATED OTHERWISE 
BELOW 

2 THE SECTIONS HAVE BEEN DESIGNED AS PER IRC-6 2000. 

3 BUOYANCY EFFECT TO THE EXTENT OF 15% HAS BEEN CONSIDERED IN THE 
DESIGN 

4. THE PROPERTIES OF THE BACK FILL HAVE BEEN ASSUMED AS FOLLOWS - 

A) DRY DENSITY 1 80T/cu m. 

B) ANGLE OF INTERNAL FRICTION = 30" 

C) ANGLE OF WALL FRICTION - 20" 

D) COHESION (C) = 0. 

5. THE HORIZONTAL FORCES ON ABUTMENTS DUE TO BREAKINC EFFECT. 
TEMPERATURE VARIATION ETC. HAVE BEEN TAKEN AS FOLLOWS :- 

A) TAR PAPER 8EARINGS OR NO BEARINGS. 
HORIZONTAL FORCE = H/2+u RD WHERE: - 
H= BRAKING FORCE 

u= COEFFICIENT OF FRICTION BETWEEN SOLID SLAB & TAR PAPER 

OR CONCRETE OVER CONCRETE 
RD= REACTION OUE TO DEAD LOAD OF SUPERSTRUCTURE 



B) ELASTOMERIC BEARING. 

HORIZONTAL FORCE =H1+H2 WHERE 
Hl = AGd/t Xn 

H!=FORCE DUE TO TEMPERATURE VARIATION AND SHRINKAGE 

H2=HALF THE BEARING FORCE. 

A= AREA OF EACH ELASTOMERIC BEARING. 

G= MODULUS OF REGIDlTY FOR ELASTOMERIC BEARING 

<S= HALF THE TOTAL MOVEMENT DUE TO TEMPERATURE VARIATIONS 

AND SHRINKAGE. 
t= THICKNESS OF ELASTOMERIC BEARING 
n=NOOF BEARINGS ON ABUTMENT. 



RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 



TYPH SKCTION FOR ABUTMKNTS 
(WITH SOLID SLAB DECKING) 



PLATE NO.-7.04 
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4 UVE LOAD SURCHARGE (ASSUMEO) 
■ 40mm (1-1/2" TO 2") SZE METAL 
(—73 TO 100mm (J" TO **) OVER SIZE METAL 

100 TO 150mm (4"' TO 6") OVER SIZE METAL 
150 TO 225mm(6" TO 9") HANO PACKED RUBBLE. 




SECTION OF WING WALL 

(HOT TO SCAl£) 

NOTE 

THE MAXIMUM COMPRESSIVE STRESS AT SECTION 'B-B' ARE OF THE 
ORDER OF 30 T / M 2 
H IS TOTAL HEIGHT 



SECTION OF RETURN WALL 

(NOT TO SCALE) 

NOTE 

THE MAXIMUM COMPRESSIVE STRESS AT SECTION 'B-B' ARE OF 
THE ORDER OF 30 T / M 2 



TABLE VALUES OF n & x FOR DIFFERENT 
HIGHT OF WING WALL & RETURN WALL SECTIONS 



SR. 
NO. 


MATERIAL 


HEICHT 
IN 

METRES 


VALUE OF 
BACK BETTER 

1 IN n 


VALUE OF PRONT 
OFFSETS 'X' IN 
METRES (MIN) 


1 


MASONRY SECTION 


LESS 
THAN 
I0.00M 


1 IN 4 


0.15 


2 


CC. (1:3:6) 
MASS CONCRETE 


UP TO 
5.00M. 


1 IN 5 


0.30 






5.01 TO 
10.00 M. 


1 IN 6 


0.50 



NOTE 

IF THE OFFSET EXCEEDS THE VALUES GIVEN IN ABOVE TABLE NECESSARY 
REINFORCEMENT SHOULD BE PROVIDED FOR THE SAME 



GENERAL NOTES: - 

1 I R C STANDARD SPECIFICATIONS 4 CODE OF PRACTICE FOR ROAD BRIDGE SECTION- 
TO IV HAVE BEEN USED IN THE DESIGN EXCEPT STATED OTHERWISE BELOW. 

2 THE SECTIONS HAVE BEEN DESIGNED FOR TWO LANES OF CLASS 'A' LOADING 
3, BUOYANCY EFFECT TO THE EXTENT OF 15% HAS BEEN CONSIDERED IN DESIGN 

4- THE PROPERTIES OF THE BACK FILL HAS BEEN ASSUMED AS FOLLOWS 
o) DRY DENSITY=1.8 T/Cu. M t>) ANGLE OF INTERNAL FRICTION - 30'. 
c) ANGLE OF WALL FRICT)ON=20" . d) COHESION (C) - 0' 

e) SURCHARGE ANGLE OF BACKFILL FOR WING WALL (i)=14-4\ CORRESPONDING 

TO 1.2 BANK SLOPE (VERTICAL HORIZONTAL) 
THE SECTIONS PROVIDED FOR FACTOR OF SAFETY OF 2.00 4 1 50 AGAINST 
OVERTURNING FOR NON-SEISMIC « SEISMIC CONDITIONS RESPECTIVELY, 
RETURNS ARE DESIGNED FOR AN EOUIVALENT LIVE LOAD SURCHARGE OF 1.00 m. FOR 
THIS PURPOSE 0.9 m. THICK FLEXIBLE STONE MAT SHOULD BE PROVIDED FOR FULL 
ROAD WIDTH BEHIND THE RETURN FOR THE ENTIRE LENGTH AS PER SKETCH SO AS 
TO DISTRIBUTE EFFECT LIVE LOAO. 

THE ALLOWABLE TENSILE STRESSES UNDER NON-SEISMIC CONDITION HAVE BEEN 
TAKEN AS 7.0 t/sqm. FOR STONE MASONRY IN CM (1: 5).10t/sqm. FOR BRICK 
MASONRY IN CM(1:4) Sc 28t/3qm FOR CC (1 3:6) 

WING WALLS ARE DESIGNED FOR A SPLAY ANGLE OF 30 TO THE FLOW OF WATER 
(TO THE FACE OF ABUTMENT) 

SEISMIC DESIGNS HAVE BEEN DONE AS PER IS: 1893-1970 It PERMISSIBLE STRESSES 
HAVE 8EEN INCREASED BY 50% UNDER SEISMIC CONDITIONS (REGARDING 
APPLICABLE) OF PARTICULAR ZONE TO ANY LOCATION. REFER SEISMIC MAP 
CORRESPONDING TO THAT OF IS 1893-1970) 

10 8ACKFILLING SHALL BE DONE AS PER APPENDIX 6 OF IRC: 78-2000 

11 THE LEVELLING COURSE BELOW SHOULD BE PROVIDED WITH SUITABLE OFFSETS 

(AS IN TABLE) TO RESTRICT BASE PRESSURE ON SOIL BELOW TO ITS SAFE BEARING 
CAPACITY & FOR SAFETY AGAINST OVERTURNING 

12 THE PROPORTION OF CEMENT MORIARS FOR STONE MASONRY IS CM (1:5) AND FOR 
BRICK MASONRY CM (1:4) IN NON- SEISMIC CONDITIONS & CM(1:4) FOR SEISMIC 
CONDTIONS. 

13 THE SECTIONS SHOWN APPLY TO SEISMIC ZONE— I.M.1II & IV 

14 IN CASE OF DEEP FOUNDATONS. IF THE SOIL OF REQUIRED BEARING CAPACITY IS NOT 
MET WITH AT REASONABLE DEPTH. THE SECTION 'B-B' SHALL BE JUST BELOW THE 
MAXIMUM SCOUR LEVEL & THE BOTTOM PORTION (BELOW SECTION 'B-B' AND UPTO 
THE FOUNDATION LEVEL ) SHOULD BE TAKEN VERTICALLY DOWN IN U.CR. MASONRY 
IN CM (1:5) FOR C.R. MASONRY SECTION AND IN CC. (1:3:6) FOR P CC SECTION 
WITH SUITABLE OFFSETS AND SIDE TRENCHES REFILLED AND PROPERLY COMPACTED. 

15- FOR SECTION WITH CC 2 (1:3:6) NOMINAL SURFACE REINFORCEMENT SHOULD BE 

PROVIDED AT 2 5 Kg/M AS PER IRC: 78-2001 
16 ALL DIMENSIONS ARE IN mm UNLESS & UNT1LL STATED. 
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TABLE-I 

SECTION DESIGNATION NO. FOR VARIOUS 
SPAN & HEIGHT. 





CR STONE MASONRY 


PC C 


FOUNDATION WIDTH 


HEIGHT 


llnd SORT 


IN 


IN 


mm 










M-15 








CM 1 ' 5 


CM 1 ■ 4 


CM 1 ■ 3 






SPAN 5M. 
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SPAN 8M. 
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TABLE-I 



SECTION 
DESIGNATION 

NO. 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 



TOP 
WI0TH 
(mm) 



BATTER 



900 
1000 
1200 
750 
750 
900 
750 
900 
1000 
1000 



VERTICAL 
VERTICAL 
VERTICAL 
1 IN 30 
1 IN 25 
1 IN 30 
1 IN 20 
1 IN 25 
1 IN 30 
1 IN 25 
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NOTES : 




OFFSET (MIN 10 CM.) 



FOUNDATION 
BLOCK C.CM-15 



WIDTH 

ELEVATION 




r~ Ur r I ~ j 
ill — — 1'| — 

FOUNDATION ^ 

WIDTH 

PLAN 



DESIGN DATA ASSUMED FOR DESIGN. 
11 VELOCITY UPTO 4 5M./SEC 

1.2 LIVE LOAD. 

I R C. CLASS A 2-LANES. 

1.3 SUPERSTRUCTURE R.C.C. SOLID SLAB. 

1.4 BUYANCY 

FOUNDATION RESTING ON SOIL 100% 
FOUNDATION RESTING ON ROCK 50% 

TYPE PLAN IS ALSO APPLICABLE TO 
SUBMERSIBLE BRIDGE. 

S.B.C. OF FOUNDING STRATA 30 TON /M 2 
SEISMIC EFFECT IS NOT CONSIDERED 

FOUNDATION DEPTH 

5.1 FOR FOUNDATION ON SOIL THE 
MINIMUM DEPTH SHOULD BE 2M. 
BELOW SCOUR LEVEL. 

5.2 ANNULAR GAP SHOULD BE FULLY 
FILLED IN AND RAmmED 

5.3 EMBEDMENT IN SOFT ROCK AND 
HARD ROCK SHOULD BE 1.5M. & 
0.6M. RESPECTIVELY. FOR EXPOSED 
ROCK EMBEDMENT SHOULD BE 1.5M. 

PROVIDE FOUNDATION BLOCK 0.2M. WITH 
MINIMUM OFFSET OF 0.1M. AS SHOWN IN 
FIGURE. 

ANNULAR GAP AROUND PIER SHALL BE 
FILLED UPTO ROCK TOP LEVEL BY M-10 
CONCRETE. 
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CULVERTS & SMALL BRIDGES 



DRG.TITLF. 

SECTION OF PIERS FOR HEIGHT 
UPTO 7.5 M. MASONRY/P.C.C. 
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150 
-t— t- 



150 



150 
-i—t- 



50 NOS MAIN BARS 
12 UM S AT 120 C/C 



!_■ — d N_ DISTRIBUTION l*-^* — ' 



DISTRIBUTION 
BARS { 8 UM AT 160 C/C. 

DO 1300 H— 





-70 NOS MAIN BARS 

12 mu $ ai as c/C- 




/ 1 : 


_U M LI 

1 5 — 1 DISTRIBUTION BARS 1 1 





- 47 NOS MAIN BARS 
16 MM A I 125 C/C 


: ' \ 




1 1 DISTRIBUTION BARS ' O 



$ 10 MU AI 1 75 C/C. 

-3000 



416 16Q 



1.5 M. SPAN 



2.0 M. SPAN 



3.0 M. SPAN 



150 
H I- 



1 CONCRETE - 1:1.5:3 

2 STEEL - H.YSD. AS PER I S 1 786 

3 COVER - 40mm AT BOTTOM AND 40mm SIDE 

4 IN 1.5m . 2.0m , AND 3 0m. SPAN ONLY ONE BAR IS TO BE 
CRANKED IN EACH SIDE IN FOUR BARS IN ALL OTHER 
SPANS CRANK ALTERNATIVE BARS 

5 ALL BARS ARE CRANKED AT ONE ENO ONLY. THESE ARE 
PLACED WITH CRANK ON LEFT SIDE AND RIGHT SIOE 
ALTERNATIVELY 

6 SURFACE STEEL AT TOP LONGITUDINAL- 10mm B> 300mm C/C. 

LENGTH AS SHOWN IN 
SKETCH 

Ic TRANSVERSE-IOmm O 300mm C/C 
ALL THROUGHOUT IN 
LONGITUDINAL DIRECTION 
PROVIDE STEEL IN THE 
2 ONE WHERE MAIN 
STEEL IS NOT 
AVAILABLE PLUS 
150mm ON EITHER SIDE 

7, ALL DIMENSIONS ARE IN mm UN TILL Ic UNLESS STATED. 



150 
-I — \- 



p57 NOS MAIN BARS \ 15 MM. AT 105 C/C. 



r 



43 NOS MAIN BARS f 20 MM. AT 140 C/C. 



DISTRIBUTION BARS [ 
f 12 MM. AT 200 C/C 



: ' \ 


. . . . ■ ■ ■ i ' • ■ ■ ' 7 ^ ■ 


1 
J 


'• ■' 1 M_ DISTRIBUTION BARS \ 12 MM !•' '■ 



-590 — 1- 290 ■ 



150 
-t-t- 



4.0 M. SPAN 



-790 (320 4— 



5.0 M. SPAN 



150 
-t-t" 



p51 NOS MAIN BARS (J 20 MM AT 115 C/C. 



DISTR'BUTION BARS $ 12 MM. 
AT 150 C/C. 



-6000- 
- 5500 - 



-WEARING COAT 25 UM THICK 



CROSS SECTION OF CULVERT 
6.0 M. SPAN 



-890 1 400 1- 



6.0 M. SPAN 



RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 



DRG.TITLE 

DETAILS OF SLABS 1.5 M. TO 6.0 M. 
CLEAR SPANS, OVERALL WIDTH 6.0 M. 
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CROSS SECTION 



3ITLJMINOUS PADS; 



MAIN REINFORCEMENT 




NOTES: 
(A) GENERAL 



LONGITUDINAL SECTION 



i THESE NOTES ARE APPLICABLE FOR THE STANDARD 
DRAWINGS FOR RCC SOLID SLAB SUPERSTRUCTURE 
WITHOUT FOOTPATHS. 



3 ALL DIMENSIONS ARE IN MILLIMETRES UNLESS 
OTHERWISE MENT1ONE0 ONL r WRITTEN DIMENSIONS 
ARE TO BE FOLLOWED NO DRAWING SHALL BE 
SCALED 

4 DESIGN CRITERIA 

I THE OESiGN IS ACCORDING TO THE FOuOWNC CODES 

(a) IRC ;5- 2000 

(b) IRC 6-2000 

(c) t.R.C: 21-2000 

AVE BEEN CONSIDERED 



(o) TWO TRAINS OF CLASS A . 

(b) DENSITY OF WEARING COAT 15 2 2l/rrl 

(c) DENSTV OF CONCRETE IS 2 4 t/m J 



REINFORCEMENT TABLE (CONC. M 25. STEEL-Fe 4151 



. PUBLJC UTILITY SERVICES eq. WATER SUPPLY AND 
SEVERAGE PIPES SHALL NOT BE CARRlEO OVER 
THE BRIDGE IF NECESSARY. SPECIAL PROVISION FOR THE 
SAME SHALL BE MADE IN THE DESIGN 



7 SUPPORT FOR DECK SLAB SHALL PROVtOE 
A MINIMUM BEARING WIDTH OF 
.) AT ABUTMENT - 600 mm 
i.) AT PIER - 375 mm 

9 TYPE /POSITION OF RETURN WALLS. RAILINGS 

GUARDS POSTS. RAMP «tc IN APPROACH PORTION 
SHALL BE DECIDED BY THE ENGINEER- IN -CHARGE 

9 THERE SHALL BE A CLEAR JOINT BE WEEN 

PARAPET & KERB ON RCC BOX R£TuRN/SOuO 
RETURN AND MAIN BRIDGE * RiOiNG RETURN 

10 IN CASE OF high LEVEL BRIDGES WATER 
SPOUTS OF ISO mm r>A G I PIPE Shall BE 
PROVIDED AT J m c/c 

11 A CAMBER OF ZK SHALL BE PROVIDED IN 
WEARING COAT FOR BOTH CEMENT CONCRETE AND 
BITUMINOUES ROAOS THE THICKNESS Of OECK 
SLAB SHALL BE UNIFORM 



14 090 m THICK FLEXIBLE STONE MAT SHALL BE 
PROVIDED FOR FULL ROAD WDTH BEHIND THE 
RETURN FOR A LENGTH OF J.5 m. 

(B) MATERIALS SPECIFICATIONS 
Concrete : 

1 CONCRETE SHALL BE OF DESIGN MIX AND SHALL 
HAVE MINIMUM 28 DAYS CHARACTERISTIC 
STRENGTH ON 150 mm CUBES FOR ALL ELEMENTS 
OF SUPERSTRUCTURE SHALL BE 25 MPo 

2 HIGH STRENGTH ORDINARY PORTLAND CEMENT 
CONFORMING TO IS SI 1 2 OR ORDINARY PORTLAND 
CEMENT CONFORMING TO IS. 269 AND 43 GRADE 
CEMENT CONFORMING TO IS. 12269 CAPABLE OF 
ACHIEVING THE REQUIRED OESiGN CONCRETE 
STRENGTH SHALL BE USED 

Reinforcement 

CLEAR COVER TO REINFORCEMENT - 

i) FOR SPANS UP TO * INCLUDINC 6m 25mm AT 

BOTTOM AND 40mm ON SIDE 
i.) FOR SPANS 7.8.9.10m :40mm TO ALL REINFORCEMENT 

ALL REINF0RC1NC BARS SHALL BE HIGH YIELD 
STRENGTH DEFORMED BARS (GRADE DESIGNATION 
F« 415} CONFORMING TO 15:1786 
Woter : 

WATER TO BE USED IN CONCRETING AND CURING 
SMALL CONFORM TO CLAUSE 302 4 OF IRC 21-2000 

(0) WORKMANSHIP /DETAILING 

1 FOR ENSURINC PROPER COVER OF CONCRETE TO 
REINFORCEMENT BARS . SPECIALLY MADE POLYMER 
COVER BLOCKS SHALL ONLY BE USEO 

2 Construction Joints 

I TH£ LOCATION AND PROVISION OF CONSTRUCTION 
JONTS SHALL BE APPROVED ENGJNEER-IN- 
CHARGE THE CONCRETING OPERATION SHALL BE 
CARRIED OUT CONTINUOUSLY UPTO THE 
CONSTRUCTION JOINT 
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TYPE V 


TYPE V 


TYPE "d 


TYPE V 


TYPE V 


TYPE T 


TYPE V 





ii the concrete surface at the joint shall be 
brushed with a stiff brush after casting 
while the concrete is still fresh and it has 
only slightly hardened. 

ill before new concrete is poured . the 
surface of old concrete shall be prepared 

AS UNDER: 

o) FOR HARDENED CONCRETE. THE SURFACE 
SHALL BE THOROUGHLY CLE AN £0 TO REMOVE 
OEBRIS AND MADE ROUGH 

b) FOR PARTIALLY HARDENED CONCRETE. THE 
SURFACE SHALL BE TREATED B* WIRE BRUSH 
FOLLOWED BY AN AIR XT 

c) THE OLO SURFACE SHALL BE SOAKED WITH 
WATER WITHOUT LEAVINC PUODLES 
ImmEDIATELY BEFORE STARTING CONCRETINC 
TO PREVENT THE ABSORPTION OF WATER FROM 
NEW CONCRETE 

IV NEW CONCRETE SHALL BE THOROUGHLY 
COMPACTED IN THE REGION OF THE JOINT 
J WELOING OF REINFORCEMENT BARS SHALL NOT 
BE ORDINARILY PERMITTED 

PL REFFER CLAUSE 304 6 6 5 OF Lft.C, 21-2000 

4 LAPS IN REINFORCEMENT. 

I MINIMUM LAP LENGTH OF REINFORCEMENT SHALL 
BE KEPT AS 50 d WHERE "d" IS THE OIAMETER 
OF BAR 

II NOT MORE THAN 23X OF REINFORCEMENT SHALL 
BE LAPPED AT ANY ONE LOCATION AND ALL 
JOINTS SHOULD BE WELL STAGGERED 

5 BENDING OF REINFORCEMENT BARS SHALL BE AS 
PER IS 2502 

6 SUPPORTING CHAIRS OF 1 2mm DIAMETER SHALL 
BE PROVIDED AT SUITABLE INTERVALS AS PER 
IS 2502 

7 CONCRETE SHALL BE PROOUCEO IN A MECHANICAL 
MIXER OF CAPACITY NOT LESS THAN 200 LITRES 
HAVING INTEGRAL WEiGh-BaTChinC FAOuTY AND 
AUTOMATIC WATER MEASURING AND DISPENSING 
DEVICE. 

a PROPER COMPACTION OF CONCRETE SHALL BE 
ENSURED BY USE OF FULL WIDTH SCREED 
VIBRATORS FOR CONCRETE IN DECK SLAB 



(0. PRECAUTIONS FOR SUBMERSIBLE 



BRIDGES : (single lane bridges shall be 

PREFERABLY HIGH LEVEL ONLY) 



WITH DISCONTINUOUS KERBS 
ni) WEAR INC COAT SHALL BE IN RCC 

(£) GENERAL SPECIFICATIONS 

THE WORK SHALL BE EXECUTED IN ACCORDANCE 
WITH MORT&H'S SPECIFICATION FOR ROAD AND 
BRIDGE WORKS (FOURTH REVISION) EXCEPT 
WHEREVER OTHERWISE MENTIONED 



ID 



FOR SPANS OF 12m AND 15m PIER CAPS AND 
CHAMFER OF 80mm . 90mm AS SHOWN 
. 80mm 




RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 



Dkt i 1 1 I I I 

TYPE PLAN FOR DETAILS OF R.C.C. SOLID 
SLAB, 5.50 M. CARRIAGF.WAY 
(WITHOUT FOOTPATH) 
(CONCRETE - M-25, STKKL - Kc415) 
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6? NOS MAIN BARS 
2 MM $ AT 120 C/C 



150 
-f-t- 



L« — ^1 N_ DISTRIBUTION I ' ' ' ' 



- DISTRIBUTION 
BARS $ 8 MM AT 160 C/C 

-1500 -13001— 





-88 NOS MAIN BARS 
12 MM $ AT 85 C/C. 


240 ; 


: ,\ . 


. /, , II 


...l ■ l lj 

1 1 DISTRIBUTION BARS 1 1 





150 

1 1 
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2508 -f— | — 
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• 60 NOS MAIN BARS 
$ 16 MM AT 125 C/C 


o 
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: \ 


, . , . 

<'- ... J 
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[.■■■ J \L 

1 1 ^-OiSTRiBUTlON BARS 1 u 



$ ,0 M. 

-3000- 



1.5 M. SPAN 



116 16(j 



2.0 M. SPAN 



3.0 M. SPAN 



150 
-I h" 



NOTES 

1 CONCRETE - 1:1.5:3 

2 STEEL - H.Y.S.D AS PER IS 1786 

3 COVER - 40mm AT BOTTOM AND 40mm SIDE 
4. IN 1.5m. ,2.0m.. AND 3 0m. SPAN ONLY ONE BAR IS TO BE 

CRANKED IN EACH SIDE IN FOUR BARS IN ALL OTHER 
SPANS CRANK ALTERNATIVE BARS 
5 ALL BARS ARE CRANKED AT ONE END ONLY. THESE ARE 
PLACED WITH CRANK ON LEFT SIDE AND RIGHT SIDE 
ALTERNATIVELY 

6. SURFACE STEEL AT TOP LONGITUDINAL- 10mm O 300mm C/C. 

LENGTH AS SHOWN IN 
SKETCH. 

& TRANSVERSE -10mm C 300mm C/C 
ALL THROUGHOUT IN 
LONGITUDINAL 
DIRECTION PROVIDE 
STEEL IN THE ZONE 
WHERE MAIN STEEL IS 
NOT AVAILABLE PLUS 
150mm ON EITHER 
SIDE. 

7. ALL DIMENSIONS ARE IN mm. UNTIL 4 UNLESS STATED. 

150 
-I — H- 



I — 71 NOS MAIN BARS \ 16 MM. AT 105 C/C. 



( 

I ■ ■ 



DISTRIBUTION BARS 
\ 12 MM. AT 200 C/C 



I 
o 



53 NOS MAIN BARS $ 20 MM. AT 140 C/C. 



7 1 

J 



DISTRIBUTION BARS \ 12 MM 



AT 175 C/C 
- 5000 - 



I— 590— t- 290 



4.0 M. SPAN 



5.0 M. SPAN 



150 
-t-t- 



■65 NOS MAIN BARS 5 20 MM AT 115 C/C. 



DISTRIBUTION BARS (J 12 MM. 
AT 150 C/C. 



-7500- 
-6400- 



X 



WEARINC COAT 25 MM THICK. 



CROSS SECTION OF CULVERT 
6.0 M. SPAN 



I- — 890 — -1 400 I- 



6.0 M. SPAN 



RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 



R.C.C. SLAB 1.5 M. UPTO 6.0 M. SPAN 
WIDTH AT ROAD TOP 7.5 M. 
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REINFORCEMENT 




5 PUBLIC UTILITY SERVICES »q WATER SUPPLY AND 
SEVER ACE PIPES SHALL NOT BE CARRIED OVER 
THE BRIDGE IF NECESSARY, SPECIAL PROVISION FOR THE 
SAME SHALL BE MADE IN THE DESIGN. 




OVERALL WIDTH- 
KERB REINFORCEMENT 

-73mm THICK (AVERAGE) WEARING COAT 



CARHIACE WAV KERB REINFQRCEUtNT - \l "[* ' 



< (o * b) 




TAR PAPER BEARING 



CROSS SECTION 



NOTES : 
(A) GENERAL 

1 THESE NOTES ARE APPLICABLE FOR THE STANDARD 
DRAWINGS FOR R.CC SOLID SLAB SUPERSTRUCTURE 
TAB PAPER * tTHOuT FOOTPATHS 

BEARING 2 THESE DRAWINGS ARE APPLICABLE ONLY FOR 
RIGHT ANGLED BRIDGES. 



LONGITUDINAL SECTION 



OVERALL WiDTH 



7. SUPPORT FOR DECK SLAB SHALL PROVIDE 
A MINIMUM SEARING WIDTH Of 

•) AT ABUTMENT - 600 mm 
3) AT PIER - 575 mm 

8. TYPE /POSITION OF RETURN WALLS RAILINGS 

CUARDS POSTS, RAUP ate IN APPROACH PORTION 
SHALL BE DECIDED BY THE ENGINEER- IN -CHARGE. 

9. THERE SHALL BE A CLEAR JOINT BE WEEN 

PARAPET ft KERB ON R.CC. BOX RE TURN /SOLID 
RETURN AND MAIN BRIDGE * RI0<NC RETURN 

10. IN CASE OF HIGH LEVEL BRIDGES, WATER 
SPOUTS OF 150 mm DlA C.I. PIPE SHALL BE 
PROVIDED AT 3 m c/c 

11 A CAUBER OF 2% SHALL BE PROVIDED IN 

WEARING COAT FOR BOTH CEUENT CONCRETE ANO 
EflTUUINOUES ROADS THE THICKNESS OF DECK 
SLAB SHALL BE UNIFORM. 



?4. 0.90 m. THICK FLEXIBLE STONE MAT SHALL BE 
PROVIDED FOR FULL ROAD WIDTH BEHINO THE 
RETURN FOR THE LENGTH OF 55 m. 

(B) MATERIALS SPECIFICATIONS 
Concrete : 

I. CONCRETE SHALL BE OF OESlCN MIX AND SHALL 
HAVE MINIMUM 28 DAYS CHARACTERISTIC 
STRENGTH ON 150 mm CUBES FOR ALL ELEMENTS 
OF SUPERSTRUCTURE SHALL BE 25 MPa 

1. HIGH STRENGTH ORDINARY PORTLAND CEMENT 
CONFORMING TO IS 81 1 2 OR ORDINARY PORTLAND 
CEUENT CONFORMING TO IS 289 AND 43 GRADE 
CEMENT CONFORMING TO IS 12289 CAPABLE OF 



HIGH LEVEL-50 
SUBMERSIBLE - 4 7( 



3 ALL DIMENSIONS ARE IN MILLIMETRES UNLESS 
OTHERWISE MENTIONED ONLY WRITTEN DIMENSIONS 
ARE TO BE FOUOWEO NO DRAWING SHALL BE 
SCALED. 

4 DESIGN CRITERIA : 



Reinforcement : 

CLEAR COVER TO REINFORCEMENT: - 

i) FOR SPANS UP TO A INCLUDING 8m : 25mm AT 

BOTTOM AND 40mm ON SIDE. 
H) FOR SPANS 7.8.9,10m ; 40mm TO ALL REINFORCEMENT 



ALL REINFORCING BARS SHALL BE HIGH YIELD 
„ STRENGTH DEFORMED BARS (GRADE DESIGNATION 
I THE OESlGN IS ACCORDING TO THE FOLLOWING CODES Fj 4 , 3) CONFORMING TO IS: 1 786. 

Woter : 



(o) I.R.C:5-2O00 
(t>) I.R.C.:8-2O0O 
(c) I.R.C. 21-2000 



(o) SINGLE LANE - SINGLE TRAIN OF CLASS-A 

(b) DENSITY OF WEARING COAT IS 2 2t/m* 

(c) DENSITY OF CONCRETE IS 2 4 1/m 3 



(C) WORKMANSHIP /DETAILING 

i FOR ENSURING PROPER COVER OF CONCRETE TO 
REINFORCEMENT BARS . SPECIALLY MADE POLYMER 
COVER BLOCKS SHALL ONLY BE USED. 



REINFORCEMENT TABLE FOR SINGLE LANE DECK SLABfCONC. M 25. STEEL-Fe 415) 
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2 Construction Joints 

I THE LOCATION AND PROVISION OF CONSTRUCTION 
JOINTS SHALL BE APPROVED BY ENONEER-IN- 
CHARCE. THE C0NCRET1NC OPERATION SHALL BE 
CARRIED OUT CONTINUOUSLY UPTO THE 
CONSTRUCTION JOINT. 
II THE CONCRETE SURFACE AT THE JOINT SHALL BE 
BRUSHED WITH A STIFF BRUSH AFTER CASTING 
WHILE THE CONCRETE IS STILL FRESH AND IT HAS 
ONLY SLIGHTLY HARDENED 
ni BEFORE NEW CONCRETE IS POURED . THE 

SURFACE OF OLD CONCRETE SHALL BE PREPAREO 
AS UNOER 

O) FOR HARDENED CONCRETE. THE SURFACE 
SHALL BE THOROUGHLY CLE AN £0 TO REMOVE 
DEBRIS AND MADE ROUGH. 

b) FOR PARTIALLY HARDENED CONCRETE. THE 
SURFACE SHALL BE TREATED BY WIRE BRUSH 
FOUOWEO BY AN AIR JET. 

c) THE OLD SURFACE SHALL BE SOAKED WITH 
WATER WITHOUT LEAVING PUDDLES 
ImmEDtATELY BEFORE STARTING CONCRETING 
TO PREVENT THE ABSORPTION OF WATER FROM 
NEW CONCRETE- 

IV NEW CONCRETE SHALL BE THOROUGHLY 
COMPACTED IN THE REGION Of THE JOINT 
3 WELDING OF REINFORCEMENT BARS SHALL NOT 
BE OROinaRilt PERMITTED 

PL REFFER CLAUSE 304.6.6 5 OF I.R.C 21-2000 

4. LAPS IN REINFORCEMENT: 

I MINIMUM LAP LENGTH OF REINFORCEMENT SHALL 
BE KEPT AS 50 8 WHERE V IS THE DIAMETER 
OF BAR 

II NOT MORE THAN 25* OF REINFORCEMENT SHALL 
BE LAPPEO AT ANY ONE LOCATION AND ALL 
JOINTS SHOULD BE WELL STAGGERED 

5. BENDING OF REINFORCEMENT BARS SHALL BE AS 
PER lS:250i 

6 SUPPORTING CHAIRS OF 12mm OlAMETER SHALL 
BE PROVIDED AT SUITABLE INTERVALS AS PER 
IS: 2502. 

7 CONCRETE SHALL BE PRODUCED IN A MECHANICAL 
MIXER OF CAPACITY NOT LESS THAN 200 LITRES 
HAVING INTEGRAL WEIGH -BATCHING FACILITY AND 
AUTOMATIC WATER MEASURING AND DISPENSING 

DEVICE. 

8 PROPER COMPACTION OF CONCRETE SHALL BE 
ENSURED BY USE OF FULL WIDTH SCREEO 
VIBRATORS FOR CONCRETE IN DECK SLAB. 



ID) PRECAUTIONS FOR SUBMERSIBLE 
BRIDGES ; (single lane bridges shall be 

PREFERABLY HiCH LEVEL ONLY) 
i) STOPPERS SHALL BE PROVIDED ON D/S SIDE OF 

ALL PIERS AND ABUTMENTS 
3) RAILING SHALL BE PIPE * POST TYPE (REMOVABLE) 

WITH DISCONTINUOUS KERB 
m) WEARING COAT SHALL BE IN R.CC 

(E) GENERAL SPECIFICATIONS 

THE WORK SHALL BE EXECUTED IN ACCORDANCE 
WITH MORTitH'S SPECIFICATION FOR ROAD ANO 
BRIDGE WORKS (FOURTH RE VI SON) EXCEPT 
WHEREVER OTHERWISE MENT10NE0 



RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 



DRGTITLh 

TYPE PLAN FOR DETAILS OF R.CC. SOLID 
SLAB SINGLE LANE (WITHOUT FOOTPATH) 

(CONCRETE - M25, STEEL - Fe 41 5) 



PLATE NO.-7.I0 
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I 



10 «© 300 c/c BOTHWAY 



2 «9 125 c/c 



83 NOS.20 «@ 90 c/c 



I 



PARAPET AS 
PER MORT&H 



450x375 



-WEARING COAT 25 mm THICK 



• 4 NOS.10 mm. 



8 « @ 200 c/c 



4500J 



CROSS SECTION OF CULVERT 

A CAMBER OF 2 5% TO BE PROVIDED IN WEARING COAT 



8.0 M. SPAN 




NOTES: 

1. ALL DIMENSIONS ARE IN mm UNTIL ic UNLESS STATED 

2 SURFACE STEEL AT TOP LONGITUDINAL: -10mm O 300 C/C 
LENGTH AS SHOWN IN SKETCH TRANSVERSE 10 mm O 300 
C/C ALL THROUGHOUT IN LONGITUDINAL DIRECTION PROVIDE 
STEEL IN THE ZONE WHERE MAIN STEEL IS NOT AVAILABLE 
PLUS 150mm ON EITHER SIDE. 

3 CONCRETE 1:1.5:3 

4 STEEL H.Y.SD. AS PER I S. 1786. 

5. COVER 40mm AT BOTTOM AND 40mm SIDE. 



1260 I 670 



10.0 M. SPAN 



RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 



DETAILS OF R.C.C. SLAB OF 8.0M. & I COM. 
SPAN WIDTH AT ROAD TOP 7.50 M. 
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I 



10*® 300 c/c BOTHWAY 



"w: 



2«© 125 c/c 



64 NOS 20 « © 90 c/c 



3 



11 , 


WEARING COAT 25 mm THICK 


— n 

n 






6000 


250x375 J 



CROSS SECTION OF CULVERT 

A CAMBER OF 2.5X TO BE PROVIDED IN WEARING COAT 



8.0 M. SPAN 



fr 



10 ?® 300 c/c BOTHWAY 



m w 

//// * — 12? 9 110 




II » 110 c/c 



TT 



50 NOS 25 1 © MAIN BARS 




NOTES' 

1. ALL DIMENSIONS ARE IN mm UNTIL & UNLESS STATEO 

2 SURFACE STEEL AT TOP LONGITUDINAL: -10mm © 300 C/C 
LENGTH AS SHOWN IN SKETCH TRANSVERSE 10 mm O 300 
C/C ALL THROUGHOUT. IN LONGITUDINAL DIRECTION PROVIDE 
STEEL IN THE ZONE WHERE MAIN STEEL IS NOT AVAILABLE 
PLUS 150mm ON EITHER SIDE. 

3. CONCRETE 1:1.5:3 

4 STEEL H.Y.S.D. AS PER IS. 1786. 

5. COVER 40mm AT BOTTOM AND 40mm SIDE 





RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 




DRG TITLE. 

BRIDGES ON RURAL ROADS 
8.0M. & 10.0M. SPAN R.C.C. SLAB 

fOVI-RAU. WIDTH 6.0 M.) 


1260 | 670 


MM 




10.0 M. SPAN 






PLATE NO.-7.12 



!64 



IRC:SP:20-2002 



Of O 200 c/c BOTH WAY 



3= 



16 « • 150 C/C 



DISTRIBUTION STtEL 



TO-»25 (TOTAL) 



"55T 



le • o >20 c/c 



"c^T 



SECTIONAL ELEVATION 



10 IO 200 c/c BOTHWAr (L.IT900) 



J«2S (L-4280) 



8«25 | t -6560l 



1J« 25 ;l-b«o) 



46«25 L-11900) 



SHAPE 3F BARS 



, 6600 ROADWArS 


1 


( TO «0 200 c/c BOTMWA^-tl 


r 


\l / — DiSTR BARS J/ 


750 j 


6000 ^-70-«S 


L2»H 




CROSS SECTION 






10 <0 200 c/c (L- 7400) 




1 

V 


•16 BARS (1-5900) 


J 


SHAPE OF BARS 



ii 



>2-»l2 /S 



SPFCIFICATIONS 

1 CONCRETE - 1:1.5:3 

2 AGGREGATE - 25mm Ic DOWN GRADE. 

3. STEEL - H.Y.S.D. BARS AS PER I S 1786. 

4. CLEAR COVER - 40mm. 

5 ALL DIMENSIONS ARE IN mm UNTIL 4c UNLESS STATED 



RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 



DETAILS OF DHCK SLAB FOR 12.0 M. 
SPAN. ROAD TOP WIDTH 7.5 M. 
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0 t O 200 c/c BOTHWA 



1=1 



^-»2S /— 7-«25 



■re 



-BUIttU 0 ' 1L 



DISTRIBUTION STEEL 



16 t O 150 C/C 



SECTIONAL ELEVATION 



10 «Q 200 c/c BOTH WAY (L- 115100) 



2 f 25 (L-42S0) 



7«25 (L-6560) 



12« 25 (1.-8840) 



39 1 25 (1-11900) 



SHAPE CF BARS 



5600 RO«OW»YS 



10 fO 200 e/c BOTH WAV- 



5100 -•25 



CROSS SECTION 



<0«O 200 e/c (L-5900) 



tie BARS (L-5OO0) 



SHAPE OF BARS 



16 « e 220 C/C 



T 



SPECIFICATIONS 

1 CONCRETE - 1:1.5:3 

2. AGGREGATE - 25mm & DOWN GRADE. 

3. STEEL - H Y.S.D. BARS AS PER I.S.I 786. 

4. CLEAR COVER - *Omm. 

5 WEARING COAT - 20mm THICK PMC+5mm THICK 

SEAL COAT WITH 2.5% CAMBER 
6. ALL DIMENSIONS ARE IN mm UNTIL Sc UNLESS STATED 



RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 



DETAILS OF DECK SLAB FOR 12.0 M. SPAN 
(OVERALL WIDTH 6.0 M.) 



PLATE NO.-7.14 
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/j^-IOtO 200 c/c BOTH WAY 1 












— 11 -#32 /-7-«32 ^-2-«32 

. . . . x y; . . . . 


^^60-t32 (TOTAL) 
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.../..... > J 





n 



16 ♦ O 190 C/C I 16 « O 150 C/C I 16 f O 140 C/C I 16 t • 130 C/C I 



16 « © 120 C/C 



16 « O 130 C/C I 16 « O 1«0 C/C I 16 « » 150 C/C I 16 « O 190 C/C 



0ISTHIBUT10N STEEL 



SECTIONAL ELEVATION 



10* O 200 c/c AT TOP (L=U900) 



2 #32 (1=5210) 



7*32 (L-8000) 



-4P 



40*32 (L=M900) 



SHAPE OF BARS 



6600 ROADWAYS 


-i 


r 10 9 0 200 c/c BOTHWAY-t. 


r 


\\. ^-OlSTR.BARS 


t 750 i 


6000 N(i_60-*32 


| 7&0 




CROSS SECTION 




Si 


10 tO 200 c/c AT TOP (L=7400) 


( 



SPFCIFICATIONS 

1 CONCRETE - 1:1.5:3 

2 AGGREGATE - 25mm 4c DOWN GRADE 

3. STEEL - H.Y.S.D. BARS AS PER I.S.1786. 

4. CLEAR COVER - 40mm. 

5. ALL DIMENSIONS ARE IN mm UNTIL «t UNLESS STATED 



«16 8ARS AT BOTTOM (L-5900) 



SHAPE OF BARS 



RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 



DETAILS OK DECK SLAB FOR I5.0M. SPAN, 
ROAD TOP WIDTH 7.5 M. 



PLATE NO.-7.I5 
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^ rg^"^"* 25 ^^j^-IOf O 200 c/c SOTHWAY — -| -Z 3-*35-^^^ 

I /-^ ^ / ^ ! 

^ ^j. O'lL Q.2L 03L 04L oliL 0 6L o'7t 0.6 L 0 9l 3 _ , 25 ■j^^' 



0 OL 



| 16 < O 130 C/C j 16 I e 180 C/C | 16 « & 130 C/C | 16 4 O 130 C/C 

SECTIONAL ELEVATION 



10«O 200 c/c AT TOP (L-14900) 



_^00 



34 132 (1=14900) 



,>X 10«3g (L-10B80) ^ 



SHAPE OF BARS 




CROSS SECTION 



10 «0 200 c/c AT TOP (L=5900) 
Si IS 

»16 BARS AT BOTTOM (1 = 5000) /*? 

SHAPE OF BARS 


RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 


DUCTULE. 

DETAILS OF DKCK SLAB FOR I5.0M. SPAN, 
(OVERALL WIDTH 6.0M.) 




PLATE NO.-7.16 
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SECTIONAL ELEVATION 



TABLE 



EFFECTIVE SPAN (I) METERS 


6 


9 


.12 


CLEAR SPAN (S) METERS 


5 572 


8 512 


11 368 


RISE (R) MILLIMETERS 


1500 


2250 


3000 


RADIOUS OF CENTERUNE(R) MILLIMETERS 


3750 


5625 


7500 


CUSION ABOVE CROWN (C) MILLIMETERS 


810 


760 


760 


ARCH THICKNESS (T) MILLIMETERS 
(UNIFORM SECTION FROM ARCH 
RING OR CROWN) 


535 


610 


790 


DEPTH OF HAUNCH FILLING AT 
PIER AND ABUTMENT 


1018 


1430 


1895 
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ROAD 




CROSS SECTION AT THE CROWN OF ARCH 

(SC«l£-l:50) 



GENERAL NOTES: - 



SPECIFICATIONS : - i.r.c standard specification code of practice or road bridges section i.ii.and iv. 
DESIGN LIVE LOAD: - i.r.c.class a loding two lanes. 



MATERIAL: - THE MASONRY OF THE ARCH RING MAY CONSIST OF EITHER CONCRETE BLOCKS (CC1:3:6) 

OR DRESSED STONES OR BRICK IN 1:4 CEMENT MORTAR. THE CRUSHING STRENGTH OF 
CONCRETE STONE OR BRICK UNITS SHALL NOT BE LESS THAN 105 Kg/cm. WHERE STONE 
MASONRY IS ADOPTED FOR THE ARCH RING IT SHALL BE EITHER COURSED RUBBLE 
MASONRY OR ASHLAR MASONRY. 



DESIGN STRESSES : - permissible tensile stress 1- as specified in i r c bridge code 

(MASONRY OF ARCH RING) PERMISSIBLE COMPRESSIVE STRESS ' SECTION IV (1971) 

RAILINGS: - as per details approved 



NOTES: - 

I) THIS DRAWING IS APPLICABLE TO BRIDGES LOCATED IN NON SEISMIC ZONES ONLY 

II) THE RATE OF RISE TO SPAN OF THE CENTRAL LINE OF ARCH RING SHALL BE 1/4 

III) THIS DRAWING IS APPLICABLE FOR OVERALL ROAD WIDTH OF 7.5M. 6.4M OR 6 OM FOR 
HIGH LEVEL BRIDGES AND CAUSEWAY. 

IV) FIGURED DIMENSIONS SHALL BE TAKEN INSTEAD OF SCALED DIMENSIONS. 

V) ALL DIMENSIONS ARE IN mm UNTIL A UNLESS STATED 
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MASONRY ARCH BRIDGES EFFECTIVE 
SPANS 6.0 M., 9.0 M. & 12.0M. 



PLATENO.-7.I7 
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LONGITUDINAL SECTION 




HALF TOP PLAN 
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CROSS SECTION AT A- A 



HALF BOTTOM PLAN 
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v...., 



CUT-OFF WALL DETAILS OF JOINT AND GAP 

(MINIMUM DEPTH 1500) FOR MORE THAN ONE UNIT 



PLAN 







OPENING 2000X2000 mm 


OPENING 3000X3000 mm 


OPENING 4000X4000 mm 


OPENING 5000X5000 mm 
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AU DIMENSIONS ARE W mm EXCEPT OTHCRWtSE SPECIFIED 
GRADE Of CONCRETE MM 
GRADE OF STEEL-r» 415 AS PER l$:!786 
EXPOSURE CONDITION - HOOERATI 
CLOIADC CONDITION • yoOERATE AND SEVERE 
SEISMIC EFFECT iS NOT CONSOERED as lENCTH LESS 
THAN 60 U 



0. EAR roadway wmtH i?7'u fob omiaj.r >_«jf 
MKC 

70R WHEELED/TRACKED SINGLE LANE OR a ASS A TWO 
LANE PROOuCTtNC WORST EFFECT ARE CONSIDERED FOR 
K9GN- 

FlLUNC 6EHIN0 ABUTMENT SHALL BE AS PER GOVT OF 
INOlA CIRCULAR NO LR-9(3) M DATED 17/8/1971 AND 
ANNEXURE-6 OF IRC -78 

AOEOUATE WHCEP HOLES SHALL BE PROVOED in 

ABUTMENT AND RETURN AT SPACMC NOT MORE THAN 
1000 mm HORIZONTALLY AND VERTICALLY 'N STAGGERED 
MANNER 

CUT-OFF WALL ALONG PEJWKRr OF RAFT SHALL BE 
PROVIOEO AS SHOWN IN THE FIGURE- THE CUT-OfF WALLS 
SHALL NOT BE MTECRCL WITH THE RAFT THE 
LONCITUOMAL AND CROSS CUT-OFF WALLS SHALL BE 

H0N0U1HC 

RAFT TOP Shall BE kept JOOmmBELOW LOWEST BED 
RAFT TOP SHALL BE KEPT JOOmmBELOW LOWEST BED 
CLEAR COVER OF «0 mm SHALL 8t PROV1DE0 TO MAW 
LEVEL 

SUTA8LE TYPE OF RETURNS SHALL BE PROVIDED 
OCPtNDiNC UPON FOUNDKC STRATA 
PRESSURE RELIEF PIPE OF 100 mm rju SHALL BE 
PROVIDED AT 8 NO PER SPAN FOR TWO LANE BRIDGE 

area O S x asu mow pressure reuef pipe shall 

BE PROVIDED IN THE FORU OF MVERTEO FI.TER OR 
PERMEABLE GEO TEXTILE OF SUITABLE GRADE 
FOUNDATION SOL 

F4XWG 8£H*0 END HALL SHALL NOT St DONE BEFORE 
COMPLETION OF BOX 

THE MMMUM DEPTH OF CUT-OFr WALL SHAU BE ISOOmi 
BELOW TOP OF RAM HOWEVER, if HAT BE ENSURED 
THAT THE NORMAL SCOUR LEVEL «LL BE ABOVE THE 
BOTTOM OF CUT- OFF WALL. 

CUT-OFF WALLS ARE NOT DESIGNED A3 RETAINING WALL 

HENCE rauxC SHALL 8£ COKE EVMV ON BOTH 30E 
ik ORDER TO ENSURE SAFETY OF RAFT FOUNDATION. THE 
WORK OF R.CC RAFT FOUNDATION AND PROTECTIVE 
WORK SHALL BE FINISHED BEFORE FLOODS. 
APPRON LENGTH SHOWN M THIS DRAWING ARE MMMUM 

ONE 9ZE OF STONE /CONE 61 OCX OEPENOS UPON 

VELOCITY OF FLOW BUT IN NO CASE WEIGHT OF EVERT 

RACING/EXPANSION JC4N I /WEARING COAT SHALL be of 
APPROVED TYPE. 

THE DESIGN CALCULATIONS ARE BASED ON THE 

ASSUMPTION THAT THE ANGLE OF INTERNAL TOCTJON 

OF THE Fill iS 30* AND DENSilT I 6 TON/MT 

IF FULL LENGTH BARS AR£ NOT AVAILABLE JOINTS HAVE 

TO BE OVERLAPPED AS PER IRC CLAUSE NO 304 « OF 

1. R.C-21 OVERLAPP44C OF BAR SHALL BE SUITABLE 
STAGGERED 

SUPPORT chairs OF SUITABLE OlAMETER BARS SHALL BE 

PSCVCEC TO SvPFmST REnr OnCEMOJ J 

THE OESIGN IS ALSO APPLICABLE FOR SUBMERSBLE 

BRIDGES HOWEVER. THE KERB SHALL BE DISCONTINUOUS 

AND THE RAUNG SHALL 8E OF REMOVABLE TYPE 

THE VENT WAY SHALL BE PROVOED FOR FULL WOTH OF 

THE CHANNEU IT IS DESIRABLE TO KEY THE SUBMERSIBLE 

BOX A0EOUATELT ptTO THE BLANKS TO AVOC OUT 

THE TYPE 0E9GN IS APPLICABLE FOR 
HEIGHT git 500 mm. 



RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 



DRG. TITLE. 

CONTINUOUS R.CC. BOX CELL BRIDGE 
CLEAR OPENING 2 x 2m, 3 x 3m. 
4 x 4m AND 5 x 5m. 
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L-SECTION 



BAR 
IflARK 



OPPENING 2000X2000 m.m 

MUNCH 150X150 



■I 



,0 [tio 



71o| 



001 

\750 
200 



T1=250 T2=250 
L 1=2250 L2=2250 



OPPENING 3000X3000 m.m 
HUNCH 750X150 



ST 



cL 



1110 

3520I - 



°|mo 



2001 

\800 
200 



T1 =400 T2=300 
L 1=3400 L2=3300 



OPPENING 4000X4000 m.m 

HUNCH 200X200 



1410 
4C20I - 



'"ko 



1410 



250 



4208 
75 75 



T1=450 
L1 =4450 



T2=350 
L2=4350 



OPPENING 5000X5000 m.m. 
HUNCH 200X200 



1710 
5720P 



l7IO |l71C 



1710 
l71o| 



2001 

\S00 

as 



6920 
75 75 



6070 



T1 =500 
L1 =5500 



T2=400 
L2=5400 



ALL DIMENSIONS ARE IN mm UNT.'LL & UNLESS STATED 



THIS TABLE IS 7.5M. TOP ROAD WIDTH 

THIS DRAWING MAY BE COMMON FOR ROAD TOP WIDTH 7 5M..6.4M.AND6.0M. 

STEEL SPACING WILL NOT BE CHANGED NUMBER OF BARS ADJUST ACCORDING TO WIDTH. 

STEEL MUST CONFORM TO Fe 415 (I.S:1786) 
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CULVERTS & SMALL BRIDGES 



SINGLE R.C.C. BOX CELL BRIDGE 
CLEAR OPENING 2 x 2m, 3 x 3m, 
4 x 4m AND 5 x 5m. 
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\/, \ 1 /////// LL ' ' LJ-U-LL U ' U t LL LL / L 

j — DRAIN 



PROVIDED WITH 
CONCRETE PAVEMENT 
FOR FULL WIDTH IN 
SUBMERGED PORTION 



APPLICABLE FOR OVERALL 
WIDTH 7.5. 6 4. 6.0 M 



y y ^ ^ y ^ ^y - L-PUCCA DRAIN 



_ RETAINING WALL 
TO PROTECT FROM SLIP 



PLAN 
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^\\\\\\y 



\\\\\\\w 



BOULDERS DUMP FOR 
PITCHING DOES NOT 
STAND. 



GOOD PRACTICE 





BOULDER 
TOE WALL 



ELEVATION 



STRAIGHT & FLAIRED UP RETURNS 



MASONRY STONE 

200 X 200 X 250mm 
200 x 150 x 400mm 
SIZE USED FOR PITCHING 
LAID ON 150 mm MOORUM 
TOE WALL IS MUST 



□□□□□□ 



□ □□□□ 



7.5 U WIDE ABUTMENT 



□ □□□□□ 



□ □□□□ 



SPLAYED WING WALL 
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CULVERTS & SMALL BRIDGES 



CULVERTS AND SMALL BRIDGES 
PROTECTION AROUND ABUTMENT 
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H!C.C U-25 SOLIO SLAB WITH 75mm CC WEARlNC COAT 
I 300 - t\ J 00 - I - - 300 1 300 1 3.00 1 300 1 3 00 —~i 300 1 

\-2il2. I/O"* -ffi^'Ph 

A. A \ A A A A=^ A 




:.C- M-10 RAFT 

SECTIONAL ELEVATION CURI4W 



RUBBLE T 0E TOI KW~ 



0 60 THICK UCR MASONRY/ Q 40 ThiCk CC 



0 40 \_J 



-10 C IT- OFF WALL 



060 THICK UCR MASONRY/ Q 4Q THICK C C U-'O OJ T OFF WALL 




RUBBLE TOE WALL 0.60 



U/S 



D/S 





SECTION A-B 



r 



l 600—1 

BITUUIN FlU-i 
73mm WEARING COAT-i 



ANCHOR BARS 20* - 
WITH EVE HOOK AT 
80TT0U 4 N03 PER 

Slab 



THIN BITUMINOUS LAYEI 

75 • d. pipe filled with bitumii 



20 • HOLDING OOWN 

U.S. ROD TAKEN 

THROUGH HOLES IN G. I PIPE 



NUTS ON BOTH SIDES Of IRON 

FLAT PLATE FASTENING 20 • BARS 



|4 HQS 



TO BE WELDED WITH 
THE VERTICAL BARS - 



20 # ANCHOR BARS - 
MADE IN TO THE 
SHAPE OF RINGS 



PLAN 

HIGHER LEVEL CAUSEWAY WITH RAFT EOUNDATION 

NOTES :- 

1 ALL OIMENSIONS ARE IN METRES FOR PLAN Ji ELEVATION OF CAUSEWAY. 

2 FOR PIERS ABUTMENTS RAFT RETURNS USE CEMENT CONCRETE M-10 ALTERNATELY C R MASONRY IN C M 
1:5 MAY BE USED FOR PIER ABUTMENTS AND RETURNS 

3 BACK FILLING BETWEEN RETURNS SHALL BE AS PER SPECIFICATIONS LAID DOWN IN MORT&H SPECIFICATIONS 
FOR ROADS AND BRIDGE WORKS PARA 2907. 

«. HEIGHT OF HIGHER LEVEL CAUSEWAY SHALL BE 2 METRES ONLY. 

5 SURFACE REINFORCEMENT OF 8 9 O 200 C/C ON EXPOSED SURFACE OF M-15 CONCRETE OF PIERS 
ABUTMENTS RETURNS AND CONCRETE AT ROAD SURFACE OF RETURNS 

6. WIDTH OF C.R. MASONRY PIER— 1M FOR DETAILS OF R.C.C. SLAB SEE ORGS. ATTACHED SEPARATELY. 

7. THIS DRAWING IS FOR 7.5 M. WIDTHICK IT CAN BE ADOPTED FOR 6.4M..6 5M OVERALL WIDTHS. 
8 STEEL MUST CONFORM TO GRADE Fe 415 (I S:1786) 



D 



SECTION ELEVATION SECTION C-D 

ANCHOR BAR FOR R.C.C. SLABS OF SUBMERSIBLE BRIDGE 



ALL OIMENSIONS IN RC OETAILING ARE IN mm. 
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CULVERTS & SMALL BRIDGES 



BRIDGBS AND CAUSEWAYS 
ON SANDY BED 
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ANCHORAGE ARRANGEMENT 



-7500- 
-6600- 





1 [ 


1 [ 


L_l 




1 1 

\ 


1 


1 1 


1 1 




1 1 







PIER 



*Nl 

ANCHORAGE THROUGH BEARING, 



APPLICABLE FOR ROAD TOP 
WIDTH 75 6 4 4 6.0 M. 



ALL DIMENSIONS ARE IN mm 
UNTIL & UNLESS STATED 



BEARING PAD 



-60- 
-40- 
25 



- NEOPRENE CAP 



STAINLESS STEEL 
25mm ROD. 



PLAN 
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anchorage; arrangement 
for submersible bridge 
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QUANTITIES OF MASONRY & P.C.C. IN ABUTMENT AND RETURN WALL. 



HEIGHT OF ABUTMENT 
& RETURN ABOVE 
FOOTING (IN MTRS.) 


QUANTITY IN 
ABUTMENT 


RETURN 


P.C.C. FOOTING 


TOTAL QUANTITY 
OF MASONRY 


TOTAL QUANTITY 

OF P C.C 


CROSS SECTION AREA 
OF RETURN 




MASONRY C R. IN 


MASONRY C.R IN 


ABUTMENT 
Cum. 


RETURN 
Cum. 


CM. 1:4 
Cum. 


CM. 1:5 
Cum. 




P.C.C. 
FOOTING 


MASONRY IN 


CM 1:4 
Cum 


cm 1:5 
Cum, 


LENGTH 
MTRS. 


CM 1.4 
Cum 


CM. 1:5 
Cum 


CM. 1:4 
Sq.m 


CM. 1:5 
Sq.m 


3.00 


27.84 


19.94 


3.00 


22.62 


11.86 


6 16 


4 20 


5046 


31 80 


1036 


0 385 


1.998 


1.050 


3.50 


35.44 


25.30 


3.00 


23.52 


16 24 


6.46 


4.46 


58 96 


41.54 


10.92 


0 420 


2.219 


1 532 


4 00 


37.82 


34.38 


3.00 


24.22 


2099 


6.78 


4.80 


62 04 


55 37 


11.58 


0 450 


2 459 


2.129 


4 50 


40 08 


44.14 


3.00 


27.08 


28.25 


9 04 


5.26 


67.16 


72.39 


14.30 


0.485 


2.697 


2.183 


5.00 


48 76 


62 86 


4.00 


40 68 


51.38 


10.30 


7 74 


89 44 


114.24 


18 04 


0623 


3.380 


4.270 


6.00 


69 42 


87.32 


4 00 


66 56 


86 30 


10.48 


11 12 


135 98 


173.62 


21.60 


0.712 


4 500 


5 980 


7 00 


74.70 


103.04 


4 00 


83.28 


115.36 


10.74 


13 48 


157 98 


218 40 


24.22 


0 800 


5 760 


7940 


8.00 


102 30 


138,86 


4.00 


111.90 


158.50 


11.90 


14 90 


214.20 


297 36 


26 80 


0.890 


7.200 


10.200 



QUANTITIES OF P.C.C CAP & DIRTWALL 
FOR ABUTMENTS 


SPAN IN MTRS. 


P.C.C. IN Cu.m. 


REINFORCEMENT K.G. 


3.50 


35.44 


2530 


4 00 


37 82 


34 38 


4.50 


40.08 


44.14 


5.00 


48 76 


6286 


6.00 


69 42 


87 32 


7.00 


74.70 


10304 


8.00 


102 30 


138 86 



QUANTITIES OF R.C.C. DECK SLAB 


CLEAR SPAN 
1.50 M. TO 10 00 M 


CONCRETE 
m3 


STEEL 
Kg. 


1.5 


3.31 


298 


2.00 


4.68 


478 


3 00 


810 


827 


4 00 


12.76 


1273 


5.00 


18.70 


1828 


6.00 


24.48 


2592 


7 00 


40.50 


2684 


10.00 


61.87 


3684 


SPANS M. 


CONCRETE m 3 


STEEL Kg. 


12.00 


63 00 


4683 


1500 


89 50 


7253 


PER METRE QUANTITIES OF KERB * WEARING COAT 


SPAN 


CONCRETE m 3 


STEEL Kg 


1.50 M TO 15.00 M 


0.83 


54 


12 00 M. TO 15 00 M 


6 72 


44 



NOTES :- 

1 FOR INTERMEDIATE HEIGHTS IN EACH 
GROUP SAY BETWEEN 3.00 M. TO 3.50 M. 
THE QUANTITIES MAY BE WORKED FROM 
OFFSETS OF THE SECTION. THE 
QUANTITIES OF FOOTING MAY BE BY 
PROVIDING OFFSET OF 100mm ON EITHER 
SIDE OF MASONRY. 

2 ONLY TWO LENGTHS OF THE RETURN 
WALLS ARE CONSIDERED i.e. 3.00 M. ic 
4 00 M. IN SOME CASES FOR HEIGHTS 
FROM 5.00 M. TO 8.00 M., THE LENGTH 
OF RETURN WALL IS LIKELY TO BE MORE 
THAN 4.00 M, SINCE THE LENGTH OF 
RETURN WALL IS 1.5 TIMES OF THE 
HEIGHT FROM BED LEVEL TO ROAD TOP 
LEVEL OF THE ABUTMENT: THE CROSS 
SECTIONAL AREA OF THE RETURN WALL 
ARE MENTIONED. THIS AREA x LENGTH OF 
RETURNS ON 4 SIDES WILL BE ADDED IN 
QUANTITIES OF MASONRY, BASE 
CONCRETE & COPING. 

3 INSTEAD OF STONE MASONRY IF IT IS 
DECIDED TO PROVIDED P.C.C, THAN THE 
BATTER MAY BE PROVIDE IN PLACE OF 
STEPS. 

4. THE SURFACE REINFORCEMENT IN P.C.C. 
CAP & DIRT WALL BE 8mm BARS AT 
200mm C/C OR 4 Kg/m 2 ON EXPOSED 
FACES. 

5. COPING IN RETURNS 

FOR 3.00 M LENGTH = 1.61 cum. 
FOR 4 00 M. LENGTH = 2.31 cum. 
THE QUANTITY OF 150mm THICK COPING 
IS 0 06 cu m. PER METRE LENGTH 
REINFORCEMENT IN COPING @ 4 Kg/m 
OF EXPOSED SURFACE AREA. 
FOR 3.00 M. LENGTH = 6.44 Kg. 
FOR 4.00 M. LENGTH = 9.24 Kg. 

6. WASTAGE IN STEEL OF DECK SLAB MAY 
BE WITHIN 3%. 
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QUANTITIES OF ABUTMENTS, 
RETURNS & R.C.C. SLAB 



PLATE NO.-7.24 



176 



lKC:SP:20-2002 



R.C.C. PIER CAP FOR SOLID SLAB 

(SPAN MORE THAN 10 M. WHERE BEARINGS ARE PROVIDED) 





MK 'a' 


-MK V 




















































Stroiqht Length 7.5 M 




Vonoble 1 


. 




ELEVATION 



-MK 'a' nosas indicoted 
in Table No.1 



PLAN 

DETAILS OF ABUTMENT CAP & DIRT 
WALL FOR SOLID SLAB 

(TO BE PROVIDED FOR SPANS MORE THAN 6 M.) 
1- 300—1 .„ mm ^ ( f j 0 300mm. c/c 



16 mm> (c) 
o 150 e/c 



Co 



(q) 300 mm. c/c. opprox. 

10 mm.4> 



-e type bars © 250mm. c/c. 

\ c ] 



- Y 



T 

300 
1 



T 

300 
i 




40mm. clear cover 
to main bars 



- x - 

Voribie 

4h 



-MK V [ 0 



TABLE NO. 1 
REINFORCEMENT DETAILS FOR PIER CAP (SOUP SLAB1 



SECTION OF PIER CAP 



Corresponding _ 
to V bars 



REINFORCEMENT 




TABLE NO. II 

REINFORCEMENT DETAILS FOR ABUTMENT CAP fSOLID SLAB) 



PIER DIRECTION 
OF FLOW 



DETAILS FOR SUBMERSIBLE 
SOLID SLAB 



SPECIAL NOTE :- 

for submersible bridges the cap in the ease water 
portion may be raised by 0 3 m. and rounded at 
top as shown @ Schedule of bars should be 
suitably modified. 



SH NO 


Width 

cv. 


REINFORCEMENT (H.Y.SD.) 


Oly, of H.Y.SD. Ben 


MK - d' 


MK-V 


MK-V 


Pm U«tr» 

Length 

KG 


Ptr Cubic 
U«tr« 

KG 


OA 


NO. 


(MA 


SpOOL 


Dia 






90 


12 


9 


12 


250 


12 


2*0 


23 


as 






DART WAU STEEL - 75 kC/Cu.M. 



NOTES :- 

1- All dimension ore in milimetres unless otherwise 
mentioned. 

2. Concrete C.C.M.20 as per specifications of I.R.C. 
section III. 

3- Steel should conform to Fe 415 (I.S: 1 786) 



l~ 250 -(- 250 250 -4- 250 — t- 250 
r— 250 — t— 250 — t— 250 — t— 250 — I — 250 — I 



~1 



PART SIDE Fl EVATION OF CAP ONLY 
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TYPE SECTIONS FOR 
PIER CAP & ABUTMENT CAPS 
& DIRT WALL 
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NOTES. 




1. ALL DIMENSIONS ARE IN mm EXCEPT OTHERWISE MENTIONED. 

2. THE CLEAR ROAO WiDTH S 7.5m FOR DOUBLE LANE WIDE ARCH BRIDGE & 4.23r 
FOR SINGLE LANE WIDE ARCH BRIDGE THE CLEAR ROAD WIDTH SHALL 8£ 
MEASURED IN A DIRECTION PERPENDICULAR TO THE DftECTlON Of TRAFFIC 

3. THE ARCH BRIDGE HAVE DCS1GNE0 AS. 

FOR SINGLE LANE WIDE SINGLE LANE OF CLASS "A". 

FOR DOUBLE LANE WIDE SINGLE LANE OF IRC CLASS TOR LOADING OR TWO 
LANES OF CLASS 'A' LOADING. 



7. CROSS CUT-OFF WALL AT THE RAFT ENDS SHALL BE PROVIDED. 
6. RAFT TOP SHOULD BE KEPT 300mm BELOW LOWEST BED LEVEL 
9. FOR R.C.C. OCTAILS OF RAFT R EF E RS SEPARATE DRAWWC NO. ARCH-J 
10 R.C.C SEM CIRCULAR ARCH. 



[bottom of cutoff wall 

LONGITUDINAL SECTIONAL ELEVATION 

130 

I 400 I 



_I000 i 
_I50 <t\ 





•) DISTRIBUTION STEEL. 
1 1 . CLEAR COVER OF €Omm SHOULD BE GIVEN FOR MAW REWORCE mEnT 



13, HEIGHT OF BASE BLOCK INCLUDING CAP CAN BE MAXIMUM UP TO 750mm*. 

14. STEEL CONFORM TO GRADE F« 415 (LS1786) 



DETAILS OF ANCHORAGE REINFORCEMENT 

1:90 




HAUNCH nt_L INC 
BASE BLOCK U2Q ft 
PIER CAP 500 DEPTH 

3000 (MINIMIJU) 




LINE Of ARCH CROWN 



6 GRANULAR FILLING 




CUT -OFF WALL MMMUU 1300 DEPTH/ 
TO BE DECIDED ON SITE CONDITION 
(DETAIS AS OVEN BELOW) 



CROSS SECTIONAL ELEVATION A- 

1:50 



250 VERTICALLY 



cc u-ioo S 



1-22-1 



HALF TOP PLAN 



CUT-OFF WALL 
(MINIMUM DEPTH 1500) 



DETAILS OF BASE BLOCK 
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ARCH TYPE VENTED CAUSWAY 
(ARCH-1) 
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(A) SECTIONS FOR NON-ERODIBLE BED 



(B) SECTIONS FOR ERODIBLE BED 



BCD LEVEL 

777777 — 7777777 



R.C.C PIER AS PER TYPE PLAN 

777777 — 7777777 



FOUNDATION LEVEL 



FOUNDATION LEVEL" 



: — P.CC {M-I5)150 THICK 

^ — LEVELLING COURSE(M- 10)100 THICK 

3 — RUBBLE 4 UOORUU FILLING 230 THICK 



FOUNDATION LEVEL 



BOTTOM OF CUT-OFF 



PIER SECTION A-1 



PIER SECTION B-1 



SPRINGING LEVEL 




SPRINGING LEVEL 



FOUNOATION LEVEL 




P.CC(U-15)150 THICK 
LEVELLING COURSE 
(U-IO)IOO THICK 
RUBBLE * UOORUM 
FILUNC 230 THICK 



FOUNDATION LEVEL 



FOUNOATION LEVEL 
BOTTOM OF CUT-OFF 



ABUTMENT SECTION A-2 



ABUTMENT SECTION B-2 



WALL SHALL 8£ 300MM 
BELOW SCOUR LEVEL 



NOTES: - 



1 . OPEN FOUNDATION DETAILS ARE SHOWN IN CASE OF 

ERODEBLE AND NON-ERODIBLE BED. 

2 MINIMUM SBC AT FOUNDATION LEVEL SHOULD NOT BE LESS 
THAN 35T/SQ.M. 

3. HEIGHT FROM FOUNDATION TO SPRINGING LEVEL SHOULD 
NOT EXCEED 2 25 METRE 

4 IN CASE OF ERODIBLE BED ADEQUATE BED PROTECTION ON 
U/S & D/S SHOULD BE PROVIDED & THE VENTS SHOULD 
BE PAVED BY PROVIDING A LAYER OF 150 MM THICK 
PCCM-15 OVER A LEVELLING COURSE OF 100 MM THICK 
C.C. M-10 THIS SHOULD BE LAID OVER A SUBBASE OF 
230 MM RUBBLE AND MOORUM FILLING THE PAVING IN THE 
VENTS SHOULD BE PROTECTED BY PROVIDING 300x1500 MM 
P.C.C. M-10 GRADE CUT-OFF WALLS AS SHOWN IN TYPE 
DRAWING. 

5. ALL DIMENSIONS ARE IN MM EXCEPT OTHERWISE MENTIONED 

6 READ THIS DRAWING ALONG WITH DRAWING NO. ARCH-1 
AND ARCH -3. 

7. IN CASE OF EXCAVATION IN ROCK THE ANNULAR SPACE 
AROUND THE FOOTING SHALL BE FILLED WITH CONCRETE 
OF 1:3:6 MIX UP TO TOP OF ROCK. 

8- RESTRICTIONS ON USE OF ARCH TYPE VENTED CAUSEWAY 

I) OPENING SHOULD BE PROVIDED FOR LENGTH FROM BANK 
TO BANK 

II) ADEQUATELY LONG RETURNS SHALL BE PROVIDED AND 
KEYED INTO BANK. 

III) ADEOUACY OF CUT-OFF WALL DEPTH OF 1 5 METRE 
SHOULD BE CHECKED WITH REFERENCE TO SCOUR 
CALCULATIONS. 

IV) ROAD TOP LEVEL ON CAUSEWAY SHOULD BE DESIRABLY 
MINIMUM 2m BELOW H.F.L. FOR LESSER WATER DEPTH. 
AFFLUX SHOULD BE CALCULATED AND CHECKED FOR ITS 
UNDESIRABLE EFFECTS. 

V) EVERY 5TH PIER SHOULD BE ABUTMENT PIER AND ITS 
THICKNESS SHALL BE 30cm. MORE. 

VI) SHOULD BE ADOPTED FOR FAIRLY DISCHARGING SECTION 

VII) APRON LENGTHS SHOWN HERE ARE MINIMUM ONE SIZE 
OF STONE IN APRON SHOULD BE DECIDED IN 
REVALATION TO VELOCITY OF FLOW. BUT IN NO CASE 
WEIGHT OF EVERY STONE SHALL NOT BE LESS THAN 
40kg 

VIII) SHOULD NOT BE USED WHERE WOODEN LOGS TREES 
ARE LIKLY BE CARRIED IN FLOOD. 

IX) APPLICABLE FOR VALUE OF SUBGRADE REACTION OF 
5800t/m3 FOR SANDY STRATA AND 2800t/m 5 FOR 

B C SOIL. RAFT FOUNDATION SHOULD NOT BE USED ON 
ROCKY STRATA. SHOULD NOT BE USEO WHERE MANNINGS 
MEAN VELOCITY EXCEED 5m/sec. 
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ARCH TYPE VKNTED CAUSEWAY 
WITH OPEN FOUNDATION 
(ARCH-2) 
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U.C.R. IN 13 



I 2000 | 



CROSS SECTION ELEVATION AT A-A 



NOTES:- 

t THE PIPES SHALL BE R.C.C. NP.3 NON PRESSURE PIPES. 
THE SPECIFICATIONS OF PIPES SHALL BE AS PER I.S.45B 
OF 1988. 

2 MINIMUM CUSHION ABOVE PIPE EXCLUDING ROAO CRUST 
SHALL BE 0.45M. 

3 ALL DIMENSIONS ARE IN MM. 

4. CLEAR DISTANCE BETWEEN PIPES MAY BE ADOPTED 500M.N 
FOR I000» PIPES (UPTO 6 ROWS) * 600M M FOR 

1200» PIPES (UPTO 5 ROWS). LENGTH OF HEAD WALL 
WILL BE :- 

5. PARAPETS COULD ALSO BE BUILT WITH BRICK MASONRY IN 
C.M.1:3 OR CEMENT CONCRETE 1:3:6. 
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DRG. TITLE. 

SUBMERSIBLE VENTED PIPE CAUSEWAYS 
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f 8 O 160 (TOP PIST ) t 9 f 8 TOP QlST ^ 8O200T0P OlST [ 5 t 8 TOP DlSt ^ 8O200T0P OlSL 5 0 8 TOP DlST t 8O200TQP DiST [ j j g TOP DlST _ | _ TO 8 O 160 TOP QIST 

1 0mmO2 500c /c BAR A' 

8 lOmm © 1250 C/C \ >— PCCU-10 I 4*0 I— f 

F^iW » JM 



t 8mm O 500 C/C 



IS 



1—1 8 O 500 BOTTOM DIST— | 450 
H 2350 



' • 250 c/c V. 



BAR *B 10mm • 250 e A- (BOTTOM) 



ONLY FOR B.C SOIL 



10mm 9 1 25mm c/c. (END SPAN) 



ONLY FOR B.C SOIL 



10mm 9 125mm c/c. (END SPAN) 



W" 1 l-SoTT 
450 1 » ewooeon. msT. 1 450 

2300 



3Z 



OTST -1 
450 h 



J 8O250 BOTT DlST 
2J00 



8mm (J O 250mm e/c(TC4>) 



450 1 8 8O2009OTT. PST. ' 450 
■ 2300 



10mm 9 o l25Qmm c/c (TOP) 



450 | 9 8 O 500 BOTTOM WST — ) 

2330 1 



ONLY FOR B.C SOIL 



10mm 9 125mm c/c (END SPAN) 



ONLY FOR B.C SOIL 



10mm 9 125mm c/c (ENO SPAN) 



tVnrr. GAP TO X OIAKD AMD 
FkUXO *TH BlRMM »/*0 
PCNCTRATKM twCO *TW F»* 
SAND AND ASBESTOS nSKH 



2 DETAILS OF JOINT AT GUARD STONE if Rh "° "> • >"« • 2°° c ' c 

" " 1 ^ '. , | » e o 200 



(SCALE-1 50) 



STIRRUPS 20 ) C/C 



PLAN AT REINFORCEMENT LEVEL R C.C. WEARING COURSE 

(SCALE-1:50) 



RAf T S 

FND BASE BLOCK 

(SCALE- 1:50) 



NOTES :- 

I, RAFT CAN BE CONSTRUCTED ON COHESIVE * NON-COHESIVE SOIL 

2 THE MINIMUM DEPTH OF CUT-OFF WALL SHALL BE 1 SOm BELOW 
TOP OF RAFT. HOWEVER 'T MAY BE ENSURED that the NORUAL 
SCOUR LEVEL WILL 6E ABOVE THE LEVEL OF BOTTOM OF THE 
CUTOFF WALL 



06m. THICK RUBBLE APRONS 3-Om. WOE ON U/S AND 5.0m 
WIDE ON D/S WITH TOP AT THE SAME LEVEL AS THAT OF THE 
RAFT SHOULD BE PROVIDED 



5. RAFT CONCRETE IS OF GRADE Mr 20 



CLEAR COVER TO REINFORCEMENT 40mm. 
. THIS DESIGN IS SUITABLE FOR BOTH SANDY SOIL & 8 C SOL 



11 ■ THE AREA BETWEEN THE CUT OFF WALLS SHOULD BE EXTAVATEO 
TO A DEPTH OF 1.0m. BELOW BOTTOM OF THE RAFT AND FILLED 
WITH COARSE SAND ftHERE THE BEDS ARE OF CLAY NATURE 

1:3:6 OF 0 10m THCK SHOULD BE LAID 

13, PRESSURE REUET PIPE OF 1000mm • OF 5 NOS PER SPAN 
SHALL BE PROVIDED IN THE RAFT AND AREA OF 0.3x0.3m. BELOW 
THEM SHALL 6£ IN THE FORM OF INVERTEO FILTER TO AVOID 
OOZING OUT OF FOUNDATION SOIL 

14, IN ORDER TO ENSURE THE SAFETY OF THE RAFT FOUNDATION THE 
WORK OF R-CC RAFT AND THE PROTECTIVE WORK (APRONS TOE 
WALL ETC) SHALL 8E CARRIED OUT SIMULTANEOUSLY THE 
PROTECTIVE WORKS SHALL BE COMPLETE 0 BEFORE THE FLOODS SO 
THAT THE FOUNDATION DOES NOT GET UNOERMINEO 

15, ALL STEEL CONFORM TO GRADE F» 415 (I S 1786) 
16 FOR GENERAL DRAWING REFER ORG. NO. ARCH-1 



20 SHEAR PINS AS SHOWN ON OTHER DRC SHALL BE PROVIDED 



22, ALL DIMENSIONS ARE IN i 



i UNTIL 4 UNLESS STATEO 



RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 



RAFT FOUNDATION 
(ARCII-3) 



PLATE NO.-7.26.4 
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PARAPETS NOT TO BE 
INCLUDED IN RATES OF 
SCUPPER PER R/METRE 



150_ 
150_ 
150_ 
150 



BREAST WALL IN CATCHPIT 
NOT TO BE CONSTRUCTED IN 
ROCKY PLACES ONLY CATCHPIT 
1500 X 1500 WILL BE DUG. 



SECTION AT A-A 



L 




- 6000 • 



HP. STONE FILLING 



JL 



■1000 



50 150 150 150 



150 100 150 



■1000 



• 1000 



J 



BOTTOM LINE Of 
FRONT R/WALL 

CROSS SECTION 



■BREAST WALL 3000 HIGH 

NOTES: - 

1. ALL DIMENSIONS ARE IN MILLIMETRES 

2 FOUNDATION OF ABUTMENT SHALL BE HORIZONTAL. 

3 LENGTH OF SCUPPER MAY BE INCREASEO /DECREASED 
ACCORDING TO REQUIREMENT AS PER SITE. 

4. THE QUANTITIES OF PARAPET ARE NOT INCLUDED IN 
THE QUANTITIES OF SCUPPER. 

5 CORBELLING STONE SHOULD BE CALCULATED 4 HAMMER 
DRESSED IN ADVANCE BEFORE FOUNDATION, EXCAVATION 
PERMITTED. IF GOOD STONE IS NOT AVAILABLE LOCALLY. 
CARRIACE OF STONE FROM A SUITABLE OUARRY(UPTO A 
DISTANCE OF 10 KM ) MAY BE PAID. OTHERWISE SCUPPER 
BE REPLACED BY HP OR R.C.C. SLAB CULVERT 



QUANTITIES OF SCUPPER: - 

1 HILL SIDE CUTTING IN ALL TYPE 

OF ROCK /SHALES 
2. EXCAVATION IN FOUNDATION IN ALL 

TYPE OF ROCK/SHALES 
3 R R. DRY STONE MASONRY 

THE QUANTITIES OF SCUPPER. 
4. H.P. STONE FILLING 
5 R.C.R. DRY STONE MASONRY IN 

CORBELLING 



= 77 00 CUM 
= 38 00 CUM 



= 10 00 CUM 
=9.00 CUM. 



FIG 3 DRY STONE MASONRY SCUPPER 



RURAL ROADS MANUAL 

CULVERTS & SMALL BRIDGES 



DRY STONF. MASONRY SCUPPER 



PLATK NO.-7.27 
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CHAPTER 8 
CONSTRUCTION AND SPECIFICATIONS 

8.1. Introduction 

The performance of roads is directly linked with quality of construction. Road construction techniques 
have been upgraded recently and use of new and alternate materials have been advocated for all type of roads. 
It is logical to see that the purpose of road construction is to provide a firm, durable and even surface of the 
pavement which could stand the stress imparted due to traffic and climatic conditions. The road construction 
activity starts from earthwork for embankment and completes with high quality surface finish with bituminous 
or concrete construction. Each component of the road has appropriate construction requirements and specification 
to be followed. This Chapter deals with details of construction techniques and specifications for various pavement 
courses involving use of traditional as well as alternate and locally available materials for all-weather rural 
roads. 

8.2. Selection of Materials and Methodology 

The typical rural road consists of embankment/subgrade constructed using local soils, sub-base or a 
blanket layer of moorum, gravel or similar granular material followed by base course and sealing with thin 
bituminous surface course. Rural roads may also be provided with cement concrete pavement and/or special 
pavement wherever felt essential. The construction techniques for rural roads could be broadly classified as 
follows: 

(i) Conventional methods 

(ii) Mechanised methods 

(iii) Intermediate techniques 

The details are discussed in the following Sections: 

8.2.1. Materials and source : The quality of materials, lead to the borrow areas and climatic 
conditions are key factors for cost effective construction. Selection of materials shall be strictly as per guidelines 
given in Chapters 3 and 4 on climatic factors and road materials. 

8.2.2. Construction techniques : Conventional construction methods are typically labour based and 
most of the construction operations are done manually. In case of mechanised method of construction, most of 
the operations are done with machines like grader, bulldozer, and paver, etc. Vibratory roller may also be used 
for compaction where these are available. The selection of construction methodology will be based on various 
considerations. No doubt, a modern mechanised method will lead to larger and faster output and will also help 
in maintaining the better quality of construction. However, considering the magnitude and scattered nature of 
these works in remote areas of the country, modern mechanised methods may not be always cost effective in 
case of rural roads. In manual methods, use of local material and manpower is effectively made. These methods 
generate the fruitful employment to the local people and also give them satisfaction of participation in their 
asset building. On account of availability of cheaper and abundant labour, only labour intensive methods have 
so far been largely used for rural road construction in the country. Hence, complete mechanisation is not 
considered necessary for rural roads. Almost all road construction activities can be carried out manually 
except obligatory items like transportation of materials, paving and rolling. 

In case of the hilly and remote areas, labour has to be brought from plains due to paucity of local labour. 
The construction of roads in some areas requires extensive blasting and the roads have to be carved through 
very steep and vertical rock faces. Thus exclusive dependence on manual labour for work in hilly areas has 
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associated safety hazards. Due to severe climatic conditions also in most of the hilly areas, the fair weather 
period available for work is also less. Some of the hilly areas have heavy rainfall or snowfall for major portion 
of the year. Since the time available for work is limited, mechanisation is a necessity to achieve high productivity 
during the available short time in some special cases. 

8.2.3. Machinery and tools : In India, road construction activities are accomplished in various 
stages. The tools, appliances and equipment required for different construction activities may also be classified 
as manual and mechanised method. Most of the tools and appliances used by manual labour for various phases 
of construction are conventional tools and appliances common to all the activities and phases of construction. 
Special tools, appliances and equipment are also used for special construction activities like bituminous work 
and construction of concrete road, etc. Some machines/equipments, like, dozers, compressors, crushers, loader 
and load carriers are also common to most of the construction activities where mechanised methods are adopted. 
The list of tools, appliances and equipment required for semi-mechanised method is given in Appendix-8.1. 
On major projects, the work of bulky and repetitive nature can be done more economically and efficiently by 
well-designed machines. Practically every operation in construction of roads can be performed by different 
types of equipment, but under any given set of conditions only a particular type of machine would be most 
effective. Thus selection of machine for any particular phase of construction requires detailed study about 
brand, model and specifications of the various equipment available and their suitability for particular phase of 
construction. IRC publication "MOST Handbook on Road Construction Machinery", may be referred for 
further details. The surface evenness and compaction are generally checked with camber board/template, straight 
edge, depth gauge and density measuring kit. Recently unevenness indicator and nuclear density meters have 
also been introduced for exercising quality control. A list of plants, equipment commonly required for different 
phases of mechanised construction is given in Appendix-8.2. 

8.3. Embankment and Subgrade 

Construction of embankment and preparation of subgrade are part of earthwork. The main activities 
associated with construction are, soil survey and identification of borrow areas, construction of embankment 
and subgrade. The details are discussed in the following paragraphs. 

8.3.1. Embankment with conventional earth : The height of road embankment depends on the 
highest flood level (HFL) in area generally 0.6 to 1 .0 m height above HFL is to be ensured. The embankment 
may be constructed by rolling in relatively thin layers. Each layer should be compacted by suitable roller to a 
desired density before the next layer is placed. Compaction should be carried out at optimum moisture content 
so as to take advantage of maximum dry density using a specified compacting effort and equipment. The 
thickness of each compacted layer may vary between 150 to 300 mm depending upon various factors such as 
soil type, compaction equipment and specifications. Using ordinary 8-10 tonne rollers, compacted thickness 
shall not exceed 150 mm. IRC:36, IRC:56, IRC:75 may be referred for construction of embankments. 

For identification of suitable borrow area, samples may be collected at different depths from the test pits 
dug open in borrow areas from where the embankment material is to be obtained. The soil for processing 
should be brought to proper moisture content, so that the needed degree of compaction can be imparted with 
least effort. Needed amount of water should be quite uniformly dispersed in the entire soil mass. Depending 
upon the weather conditions and time gap between sprinkling of water and commencement of rolling, an 
allowance of 3 to 4 per cent for evaporation should be made in the quantity of water to be added during summer 
when temperature is greater than 35°C, in winter this allowance may be reduced to 1 to 2 per cent. For earthwork 
construction, the loose thickness of the soil layer should not normally exceed 200 mm when ordinary 8-10 
tonne rollers are used. 
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When the earthwork has reached a stage where the general form of the final shape of the embankment 
has been obtained, the spreading of earth should be done in straight reaches to a crowned shape, and to 
appropriately banked profile if the reach is on a curve. The moisture content in the laid soil should be the 
optimum moisture content subjected to the permitted tolerance. Highly expansive soils such as black cotton 
soil should be compacted at the specified moisture content, which is usually on the wet side of the optimum 
moisture content. The tolerance limits of variation from the specified moisture content OMC are normally +1 
per cent to -2 per cent for sandy/silty soils and Optimum Moisture Content (OMC) to +2 per cent for clayey/ 
black cotton soils. Earth to be used should be good soil, free from slumps, roots and leaves of trees, plants and 
rubbish. The clots should be broken to less than 75 mm size. The equipment for compaction of earthwork 
should be ordinarily an 8- 1 0 tonne smooth wheeled power roller. However, if such a power roller is not available, 
the use of lighter rollers of 6 to 8 tonne weight may be permitted. In such cases, the thickness of loose soil layer 
should be suitably reduced and the number of passes needs to be increased to achieve the desired density. 

Densities to be aimed at in the compaction process shall be chosen with due regard to factors such as soil 
type, height of embankment, drainage conditions, position of individual layers and type of available compaction 
machinery. Each compacted layer shall be tested in the field for density and compacted fully before the 
operations for the next layer commence. The minimum field density in case of the embankment shall not be 
less than 97 per cent Standard Proctor compaction (IS:2720 (Part 7)-1980). The overall profile should be 
improved with each successive layer so that the subgrade level is approached. The profile of the formation is as 
per lines and grades. 

8.3.2. Embankment using coal ash (Fly Ash, Pond Ash. and Bottom Ash) : Coal ash can be used 
for construction of embankment of rural road projects near thermal power plants. When embankment construction 
is undertaken using coal ash, the top soil from all areas to be covered by the embankment foundation should be 
stripped to specified depth not exceeding 1 50 mm and stored in stockpiles of height not exceeding 2 m, for use 
in covering the coal ash embankment slopes, cut slopes and other disturbed areas where revegetation is desired. 
Top soil should not be unnecessarily trafficked either before stripping or when m stockpiles. The various 
construction steps shall be as given in Chapter 9. The following end product specification as given in Table 8.1 
has been suggested for construction of coal ash embankments. 



Table 8.1. Specification for Compaction of Embankment 



Description 


Limits 


Minimum dry density in embankment after compaction as percentage of MDD JS:2720 (Part 7)-l 980 


97 per cent 


Minimum dry density after compaction when used in bridge abutments for embankment as per cent of 
MDD IS:2720 (Part 7)-l 980 

(length equal to 1 .5 times the height of embankment) 


100 per cent 



Embankment shall be constructed evenly over their full width and the contractor shall control and direct 
construction plant and other vehicular traffic uniformly across the width. Damage by the construction equipment 
or other vehicular traffic shall be made good by the contractor with material having the same characteristics 
and strength as it had before it was damaged. Embankments shall not be constructed with steeper side slopes or 
to greater width than those shown in the drawings. Whenever embankment construction is to be taken up 
against the face of natural slope or sloping earthworks face including embankments, cuttings and excavations 
steeper than 1 :4 (Vertical: Horizontal), such faces shall be benched immediately before placing the subsequent 
fill. A less permeable capping layer of selected earth should be constructed on the top of coal ash embankment, 
which would form the subgrade for the road pavement. The thickness of this layer should not be less than 500 
mm. IRC:SP:58 may be referred for detailed procedure. 
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8.3.3. Subgrade with natural earth : The preparation of subgrade includes all operations before 
the pavement structure could be laid over it and compacted. Thus the preparation of subgrade would include 
site clearance (if the formation already exists), grading (embankment or cut section) and compaction to desired 
density at optimum moisture. The subgrade may be situated on embankment or excavation or at the existing 
ground surface. In all the cases, site should be cleared off and the top soil consisting of grass, roots, rubbish and 
other organic matter are to be removed. The grading operation is started thereafter so as to bring the vertical 
profile of the subgrade to designed grade and camber. Bulldozers, tippers and blade graders are useful equipment 
to speed up this work. Highly clayey and black cotton soil shall not be used directly as a subgrade material. In 
such case a capping layer of 100 mm thickness shall be provided with material of CBR higher than 10 per cent 
or geo-textile shall be used as a filter material, if found economical. In case the reach is in cutting and m-situ 
soil is to be used for subgrade, the method consists in loosening of the soil to appropriate depth to compact to 
a thickness of 300 mm bringing the moisture to required level and compacting it with a suitable roller to 100 
per cent Standard Proctor compaction density. The compaction process should commence at the edges and 
progress towards the centre except at super-elevated portions where it shall commence from lower edge and 
progress towards higher edge. When the reach is in fillings, it is necessary to ensure that at least the top 300 
mm of the embankment constituting the subgrade of the pavement should be compacted to 100 per cent of 
Standard Proctor compaction density in at least two layers at optimum moisture content. The subgrade should 
be finished to the desired profiles; a camber board should be used to check the cross slope. 

8.3.4. Subgrade with stabilised earth : When the soil does not fulfil the requirements of normal 
subgrade soil, a stabilisation technique can be used to modify and improve the same. Stabilisation is of four 
different types as follows: 

(a) Stabilisation with lime and sand 

(b) Stabilisation with coal ash 

(c) Stabilisation with soft aggregates 

(d) Stabilisation with gravel/moorum 

(e) Stabilisation with cement 

The salient features of construction of the above stabilisation techniques are given below: 

(a) Stabilisation with lime and sand : The specification involves mixing of clay with sand so that the 
resulting mixture will have a certain controlled plasticity and certain minimum percentage of sand content. It 
is intended mainly for clayey type of soils. Depending upon the natural moisture of the borrow pit soil, the 
borrow areas may be pre-wetted for facilitating excavation. The clay shall be excavated and clods shall be 
broken with wooden mallets or by 4-6 passes of a tractor-towed disc harrows, so that, by and large there are no 
clods larger than 10-12 mm. The soil shall be spread in place to the required loose thickness. The requisite 
quantity of lime (2 per cent) and sand transported from local sources is then added. To bring the moisture 
content to the optimum value, the required quantity of water is added. The wet soil is then mixed thoroughly 
and laid on the compacted subgrade to proper profile to a width greater than the pavement width by 1 50 mm on 
either side. The loose thickness of the soil layer shall not exceed 200 mm. Depth blocks should be used for the 
control of the required layer thickness. Soil shall be compacted with 8-10 tonne roller to achieve 100 per cent 
Standard Proctor compaction density (IRC:49, IRC:51). 

(b) Stabilisation with coal ash : The clayey subgrade can be stabilised using coal ash, e.g., fly ash, 
pond ash and bottom ash as per details given in Chapter 9 and IRC:SP:58 and IRC:88. 
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(c) Stabilisation of soil with soft aggregates : This specification involve use of locally available soft 
aggregates such as brick bats, kankar and latente in soil mass for stabilisation. The soft aggregate to be added 
to the soil shall be of size less than 30 mm with most of it coarser than 6 mm. The soft aggregates to be added 
shall have aggregate impact value not more than 50 per cent. The soil and aggregates should be mixed together 
in the ratio 70:30 by volume. The construction shall be carried out in a manner similar to stabilised soil 
technique stated in Section 8.3.4 (part a). Soil and soft aggregates shall be spread m the above said proportion 
and then the resulting material is mixed, watered and laid to proper camber. On spread soil-aggregate mix, 
stone aggregates of 25 mm size should be spread to single layer thickness uniformly at the rate of 0.20 to 0.23 
cum/10 sqm. The layer of stabilised soil alongwith the super-imposed layer of grafting stone should be rolled. 
The rolling is done in two to three stages. Relatively light rolling is done on the first day. The same evening 
hungry spots are made up with the stabilised soil mix and water should be sprinkled on the surface as may be 
necessary. Rolling shall be resumed the following day (IRC:28, IRC:63). 

(d) Stabilisation with gravel/moorum : The material to be used shall be graded and shall contain a 
fair proportion of all the particle sizes together with sufficient fines to provide proper cohesion. The maximum 
aggregate size should generally not exceed one-third the thickness of compacted stabilised layer. The construction 
shall be carried out in the same manner as for the stabilised soil construction stated in Section 8.3.4 (part a). 
Care shall be taken that the layer is thoroughly compacted and laid to proper profiles. 

(e) Stabilisation with cement : The cement for cement stabilisation shall comply with the requirements 
of IS:269, 455 or 1489. The mix design shall be done on the basis of 7 days unconfined compressive strength 
(UCS) and/or durability test under 12 cycles of wet-dry conditions. The laboratory strength values shall be at 
least 1.5 times the minimum field UCS value stipulated in the contract. The construction procedure as regard 
spreading and mixing the stabiliser except that cement or combination of lime and cement as the case may be, 
shall be used as the stabilising material. The care shall be taken to see that the compaction of cement stabilised 
material is completed within two hours of its mixing or such a shorter period as may be found necessary in dry 
weather (IRC:50). 

8.3.5. Surface drains : The fast disposal of runoff on the road surface is achieved by surface drainage. 
Surface drains shall be excavated to the specified lines, grades, levels and dimensions based on the type of the 
drain as mentioned in Chapter 6. The excavated material shall be removed from the area adjoining the drains 
and if found suitable, utlised in embankments or subgrade construction. All unsuitable materials shall be disposed 
of as directed. The excavated bed and sides of the drains shall be dressed to bring this in close conformity with 
the specified dimensions, levels and slopes as mentioned in Chapter 6. If required, the drains shall be lined with 
suitable material. 

8.4. Sub-Base (Granular) 

Sub-base is an intermediate layer between subgrade and granular base course. The function of this layer 
is as a drainage layer for the pavement to avoid excessive wetting and weakening of subgrade. Various materials 
and techniques are used for construction of sub-base course. Various types of construction for sub-base, which 
are appropriate for rural road, are detailed here. 

8.4.1. Granular sub-base (GSB) : The grading for coarse graded GSB for construction of sub-base 
course shall be as given in Table 8.2 after conducting the wet sieve analysis. 
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Table 8.2. Grading for Coarse Graded Granular Sub-Base Materials (Wet Sieve Analysis) 



IS Sieve Designation 


Per cent by weight passing the IS sieve 


Grading I 


Grading II 


Grading III 


75 mm 


100 










53 mm 






100 






26.5 mm 


55-75 




50-80 




100 


4.75 mm 


10-30 




15-35 




22-45 


75 u 


<10 




<10 




<10 



Note: The material passing 425 micron sieve for all the three grading when tested according to IS:2720 (Part 5) shall be having liquid 
limit and plasticity index not more than 25 and 6 respectively. The material with CBR >15 per cent shall be accepted for 



construction of GSB course. (MoRT&H Specifications for Road and Bridge Works). 

Immediately prior to the laying of sub-base, subgrade shall be prepared with the help of a motor grader 
of adequate capacity. The granular material for sub-base shall be preferably natural. Mixing of ingredients to 
make granular sub-base may be undertaken under strict quality control. Manual methods shall be permitted 
only where the width of laying is not adequate for mechanical operations or in small sized jobs. Moisture 
content of loose material shall be checked in accordance with IS:2720 (Part 2). After water has been added (at 
+ 1 per cent to -2 per cent of OMC as per IS:2720 (Part 8)- 1 983 ), the material shall be processed by mechanical 
or other approved means like disc harrows, rotavators until the layer is uniformly wet. Immediately thereafter, 
rolling shall start. The thickness of single compacted layer shall not exceed 100 mm. 

Rolling shall commence at the lower edge and proceed towards the upper edge longitudinally for portions 
having unidirectional cross fall and super elevation. It shall commence at the edges and progress towards the 
centre for portions having cross fall on both sides. Each pass of the roller shall uniformly overlap not less than 
one-third of the track made in the preceding pass. Rolling shall be continued till the density achieved is at least 
98 per cent of the IS heavy compaction density for the material as per IS:2720 (Part 8)- 1983. The surface of 
any layer of material on completion of compaction shall be well closed, free from movement under compaction 
equipment and from compaction plane, ridges, cracks or loose material. 

8.4.2. Coarse sand sub-base : The coarse to medium sand sub-base gives comparatively more 
effective drainage to pavement, where the embankment is clayey or black cotton soil. Sand layer shall be 
provided as a part of sub-base over the compacted subgrade layer where annual rainfall is more than 1000 mm. 
The sand layer shall normally be in 100 to 150 mm compacted thickness (necessary arrangements shall be 
made for local confinement of sand). The coarse to medium sand for construction of a drainage layer shall 
conform to grading given in Table 8.3. 



Table 8.3. Grading of Coarse to Medium Sand for Sub-Base 



IS Sieve 


Per cent Passing 


1 1 .2 mm 


100 


5.6 mm 


80-100 


2.36 mm 


70-90 


1 80 micron 


< 5 



The sand conforming to the grading as given in Table 8.3 shall be spread uniformly and evenly upon the 
prepared subgrade in required quantities from stockpiles along the side of the road or directly from tippers. 
Immediately following the spreading of the sand, watering shall be done and rolling shall be started with 
vibratory roller of approved type at optimum moisture conditions decided before construction or through 

saturation/vibration . 
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8.4.3. Gravel roads : The gravel of appropriate quality can be used for construction of surface course 
(gravel road) of rural roads. The material to be used shall be graded and shall contain a fair proportion of all the 
particle sizes together with sufficient fines to provide proper cohesion as per technical grading limits given in 
Section 8.3. The maximum aggregate size should generally not exceed one third the thickness of compacted 
layer. The construction shall otherwise be carried out in the same manner as for the mechanically stabilised soil 
construction. Care shall be taken that the layer is thoroughly compacted and laid to proper profiles at optimum 
moisture content. The compaction shall be at least 98 per cent of the IS heavy compaction density. 

8.4.4. Use of low cost alternate materials : The use of local and waste materials is always economical 
in construction sector. Sometimes locally available construction materials are not suitable in their natural form 
and thus needs further treatment. Some of these materials for sub-base and base course construction are: 

(a) Lime stabilised sub-base 

(b) Coal ash 

(c) Slags 

(d) Municipal wastes 

(e) Marble waste 

The construction details of sub-base and base courses using these materials are as given below: 

(a) Lime stabilised sub-base : The specifications for lime stabilised soil construction shall apply 
essentially to stabilisation of clay including black cotton soils. As mentioned earlier, the borrow areas may be 
previously watered for easy excavation. For lime stabilisation, the soil before addition of stabiliser shall be 
pulverised using agricultural equipments like disc harrows and rotavators to the extent that it passes the 
requirements set out in Table 8.4 when tested. In case of black cotton soil, the borrow areas shall be previously 
watered and the clods, which are generally in the size of 100-150 mm should be pulverised with agricultural 
equipment. The pulverised soil-moorum/black cotton soil shall be spread on the prepared receiving surface, 
and slaked lime spread over it in the required quantity. The laid material shall be cut and mixed 2-3 times 
manually so that a homogenous soil-lime mix is formed. Lime-soil stabilisation shall not be done when the air 
temperature is less than 10°C. 



Table 8.4. Soil Pulverisation Requirements for Lime Stabilisation 



IS Sieve Designation, mm 


Per cent by Weight Passing the IS Sieve 


26.5 
5.6 


100 

80 



Addition of lime: Lime may be mixed with the prepared material either in slurry form or dry state as 
approved by the Engineer. The tops of windrowed material may be flattened or slightly trenched to receive the 
lime. The distance to which lime may be spread upon the prepared material ahead of the mixing operation shall 
be determined by the Engineer. The moisture content at compaction shall neither be less than optimum moisture 
content corresponding to IS:2720 (Part 8)- 1983, nor more than 2 percent above it. The staking of lime for lime 
stabilised sub-base shall be done properly. Manual mixing of lime should be discharged. It can be undertaken 
in special cases, if the equipment is not available. The soil from borrow areas shall be first freed of all vegetation 
and the deleterious materials and placed on the prepared subgrade. The soil shall then be pulverised by means 
of crowbars, pick axes or other means. Water in requisite quantities may be sprinkled on the soil for pulverisation. 
On the pulverised soil, the blending material in requisite quantities shall be spread uniformly and mixed 
thoroughly by working with spades or other similar implements till the whole mass is uniform. After adjusting 
the moisture content within the limits mentioned, the material shall be levelled upto the required thickness so 
that it is ready to be rolled. 
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Rolling: Immediately after spreading, grading and levelling of the mixed material and compaction shall 
be carried out with approved equipment preceded by a few passes of lighter rollers if necessary. Rolling shall 
commence at edges and progress towards the centre, except at super elevated portions where it shall commence 
at the lower edge and progress toward higher edge. During rolling, the surface shall be checked for grade and 
camber and any irregularities corrected by loosening the material and renovmg/addmg fresh material. 
Compaction shall continue until the density achieved is at least 98 per cent of the IS heavy compaction density 
for the material determined in accordance with IS:2720 (Part 8)- 1 983 . Care shall be taken to see that the 
compaction of lime stabilised material is completed within three hours of its mixing. The final surface shall be 
well closed, free from movement under compaction planes, ridges, cracks or loose material. All loose or 
segregated or otherwise defective areas shall be made good to the full thickness of the layer and re-compacted. 

Curing: The sub-base shall be cured for moist curing with water for a minimum period of 7 days after 
which subsequent pavement courses shall be laid to prevent the surface from drying out and becoming friable. 

(b) Use of coal ash : Sub-base course can be constructed using pond ash or bottom ash replacing 
conventionally used moorum or granular materials. Lime fly ash bound macadam using lime stabilised filler 
(mixture of lime, fly ash and sand or moorum) will inhibit softening m presence of water leading to longer life 
and better serviceability of the roads. The details of all such construction using coal ash are given in Chapter 9. 

(c) Use of slags : Slags from various metallurgical industries can also be used for construction of sub- 
base of rural roads. The details are given in Chapter 9. 

(d) Use of municipal wastes : 

The granulated processed municipal waste can also be used for construction of sub-base course. The 
details are given in Chapter 9. 

(e) Use of marble waste : The marble slurry dust is a waste of marble cutting industry and it can be 
utilized in stabilization of granular soil and sand using lime and other chemical additives. The details are given 
in Chapter 9. 

8.5. Base Course (Granular) 

The following specifications are recommended for construction of granular base course: 

(a) Water Bound Macadam 

(b) Crusher Run Macadam 

(c) Use of Alternate Materials 

8.5.1. Water bound macadam (WBM) 
(a) Grading : 

WBM may be used as sub-base as well as base course and also surface course of rural roads. In each 
case, it shall be constructed in conformity with line, grades and cross-section shown on the drawings of the 
tender document. The existing surface of the subgrade, sub-base or base to receive WBM course, shall be 
prepared to the required grade and camber and cleaned of all dust. Any ruts or soft yielding places that have 
appeared due to improper drainage of surface under traffic or season shall be corrected and rolled. The grading 
of aggregates shall conform to requirements given in the Tables 8.5 and 8.6. The quantity of binding materials, 
where it is to be used will depend on the type of screenings. Generally, the quantity required for 75 mm 
compacted thickness of water bound macadam will be 0.06-0.09 cum/10 sqm. The quantity shall be in the 
range of 0.08-0.1 cum/10 sqm for 100 mm compacted thickness. Necessary arrangements shall be made for the 
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lateral confinement of aggregates. There may be construction of side shoulders in advance to a thickness 
corresponding to the compacted layer of the WBM course. After shoulders are ready, inside edges may be 
trimmed vertical and included area cleaned of all spilled material thereby setting the stage for spread of coarse 
aggregates. Table 8.7 gives the quantities of materials (loose) required for 10 sqm for sub-base/base course 
with compacted thickness of 100 or 75 mm. 



Table 8.5. Grading Requirements of Coarse Aggregates for WBM 



Grading No. 


Size Range (mm) 


IS Sieve Designation (mm) 


Per cent by weight passing 


1 




125 


100 






90 


90-100 




90 to 45 


63 


25-60 






45 


0-15 






22.4 


0-5 






90 


100 






63 


90-100 


2 


63 to 45 


53 


25-75 






45 


0-15 






22.4 


0.5 






63 


100 






53 


95-100 


3 


53 to 22.4 


45 


65-90 






22.4 


0-10 






11.2 


0-5 



Table 8.6. Grading Requirements for Screenings for WBM 



Grading No. 


Size Range, mm 
(mm) 


IS Sieve Designation 
(mm) 


Per cent by weight 
passing 


A 


13.2 


13.2 


ioo 






11.2 


95-100 






5.6 


15-35 






0.180 


0-10 


B 


11.2 


1 1.2 


100 






5.6 


90-100 






0.180 


15-35 



Table 8.7. Quantities Required for 75 mm and 100 mm Compacted WBM Course 



Grading 
No. 


Size Range, 
(mm) 


Compacted 

Thickness, 
(mm) 


Loose Quantity 

of Coarse 
Aggregate, cum 


Screenings 


Stone Screening 


Crushable 
Type, such as, 
Moorum or 
Gravel, cum 


Size, 
mm 


Quantity, 
cum 


1 


90 to 45 


100 


1.21 to 1.43 


Type A 
13.2 


0.27 to 
0.30 


Not 

uniform 


0.30 to 
0.32 


2 


63 to 
45 


75 


0.91 to 1.07 


Type A 
13.2 


0.1 2 to 
0.15 


Not 

uniform 


0.22 to 
0.24 


Type B 
11.2 


0.20 to 
0.22 


-do- 


0.22 to 
0.24 


3 


53 to 
22.4 


75 


0.91 to 1.07 


Type B 
1 1.2 


0.18 to 
0.21 


Not 

uniform 


0.22 to 
0.24 



191 



IRC:SP:20-2002 



The compacted thickness for a layer with grading 1 shall be 100 mm while with grading 2 and 3 shall be 
75 mm. Grading 2 and 3 shall be preferably used for construction of Water Bound Macadam for rural roads. 

(b) Spreading and rolling of coarse aggregates : The coarse aggregates shall be spread uniformly and 
evenly upon the prepared base in required quantities from stockpiles along the side of the road or directly from 

vehicle. 

In no case shall these be dumped in heaps directly on the area where neither these are to be laid nor shall 
their hauling over a partly completed base be permitted. The aggregates shall be spread to proper profile by 
using templates placed across the road about 6 m apart. Where possible approved mechanical devices shall be 
used to spread the aggregates uniformly so as to minimise the need for their manipulation by hand. The WBM 
course shall normally be constructed m layers of not more than 75 mm compacted thickness. However, for 
aggregates of grading No. 1 the compacted thickness shall be 100 mm. No segregation of large or fine particles 
shall be allowed. The coarse aggregates, as spread shall be of uniform gradation with no pockets of fine 
material. Immediately following the spreading of the coarse aggregates rolling shall be started with 3 wheeled 
power roller of 8-10 tonne capacity or tandem or vibratory roller of approved type. 

The type of roller to be used shall be approved by the Engmeer-in-Charge based on trial run. Except on 
superelevated portions where the rolling shall proceed from inner to the outer edge, rolling shall begin from the 
edges gradually progressing towards the centre. First the edges shall be compacted with roller running forward 
and backward. The roller shall then move inwards parallel to the centre line of the road, in successive passes 
uniformly overlapping preceding tracks by at least one half of the width. Rolling shall be discontinued when 
the aggregates are partially compacted with sufficient void space in them to permit application of screenings. 
However, where screenings are not to be applied as in the case of crushed aggregates like brick metal, laterite 
and kankar, compaction shall be continued until the aggregates are thoroughly keyed. During rolling slight 
sprinkling of water may be done, if necessary. Rolling shall not be done when the sub-grade is soft or yielding 
or when it causes a wave like motion in the sub-grade or sub-base course. The rolled surface shall be checked 
transversely and longitudinally with templates and any irregularities corrected by loosening the surface by 
adding or removing necessary amount of aggregates and re-rolling until the entire surface conforms to the 
desired camber and grade. In no case shall the use of screenings be permitted to make up depressions. 

(c) Application of screenings : After coarse aggregates have been rolled, screenings shall be applied 
gradually over the surface to fill the interstices. Dry rolling shall be done when the screenings are being spread 
so that the jarring effect of roller causes them to settle into the voids of the coarse aggregates. The screenings 
shall not be dumped in piles but applied uniformly in successive thin layers either by spreading motion of hand 
shovels, mechanical spreaders or directly from trucks. Trucks plying over the base course to spread screenings 
shall be equipped with pneumatic tyres and so operated as not to disturb the coarse aggregates. The screenings 
shall be applied at a slow rate in three oi more applications as necessary. Rolling or brooming shall accompany 
this. In no case shall the screenings be applied so fast and thick as to form cakes or ridges on the surface 
making the filling of voids difficult or preventing the direct bearing of roller on the coarse aggregates. After 
the application of screenings, the surface shall be copiously sprinkled with water, swept and rolled. Hand 
brooms shall be used to sweep the wet screenings into voids and to distribute them evenly. The sprinkling, 
sweeping and rolling operations shall be continued and additional screenings applied where necessary until the 
coarse aggregates are well bounded and firmly set. Grout of screenings and water formed ahead of the wheels 
of rollers shall be taken out so that the base or sub-grade does not get damaged due to addition of excessive 
quantities of water during the construction. 

(d) Application of binding material : After the application of screenings, binding material (PI«4-6) 
that is required to be used shall be applied at a uniform rate in two or more successive thin layers. After each 
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application of binding material, the surface shall be sprinkled with water and the resulting slurry swept in with 
brooms so as to fill the voids properly. After final compaction, the road shall be allowed to cure overnight. 
Next morning, hungry spots shall be filled with screenings or binding material lightly sprinkled with water, if 
necessary it may be also rolled. No traffic shall be allowed till the macadam sets. In the case of WBM base 
course to be provided with bituminous surfacing, the latter shall be laid only after the WBM course is completely 
dry and primed before allowing any traffic on it. 

8.5.2. Crusher run macadam (CRM) : The work shall consist of furnishing, placing and compacting 
crushed stone aggregate sub-base and base courses constructed in accordance with the requirements set forth in 
this specification and in conformity with the lines, grades, thicknesses and cross-sections shown on the plan or 
as directed by the Engmeer-m-Charge. The grading shall conform to the grading and quality requirements 
shown in Table 8.8. 



Table 8.8. Aggregate Grading Requirements for Crusher Run Macadam 



Sieve Size, mm 


Per cent Passing by Weight 


53 mm max. size 


37.5 mm max. size 


63 


100 




45 


87-100 


100 


22.4 


50-85 


90-100 


5.6 


25-45 


35-55 


0.710 


10-25 


10-30 


0.90 


2-9 


2-9 



The aggregate shall be uniformly deposited on the approved subgrade by means of the hauling vehicle 
with or without spreading devices. Aggregates will be distributed over the surface to the depth specified on the 
plans or as directed by the Engmeer-in-Charge. After the base course material has been deposited, it shall be 
thoroughly mixed to full depth of layer by alternately blading the entire layer to the centre and back to the edges 
of the road. It shall then be spread and finished to the required cross-section by means of a motor grader. Water 
shall be applied prior to and during all blading and processing operations to moisten the material sufficiently to 
prevent segregation of the fine and coarse particles. Water shall be applied in sufficient quantity during 
construction to assist in compaction. Compaction shall commence immediately after the spreading operation. 
If the thickness of single compacted layer does not exceed 1 00 mm, a smooth wheel roller of 8- 1 0 tonne weight 
may be used. For a compacted single layer upto 200 mm, the compaction shall be done with the help of 
vibratory roller of minimum of 8-10 tonne or equivalent capacity. The speed of the roller shall not exceed 5 
km/h. Each layer of material shall be compacted to not less than 98 per cent of the IS heavy compaction density 
asperIS:2720 (Part 8)- 1983. 

8.5.3. Use of special material : The details are given in Chapter 9. 

8.6. Shoulder 

Shoulder gives adequate side support to the pavement and also drains off surface water from the 
carriageway to the road side drain. 

8.6.1. Construction of shoulders : The construction shall be done in layers each matching the 
thickness of adjoining layer. Only after a layer of WBM, shoulder shall be laid and compacted. Next corresponding 
layers in pavement shall be taken up after the completion of first layer of WBM and shoulder. This procedure 
shall be followed upto the surface course. In the case of bituminous courses, work on shoulder shall start only 
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after the pavement course has been laid and compacted. The compaction requirement of earthen shoulder shall 
be 100 per cent of Standard Proctor compaction density as per IS:2720 (Part 7)- 1980. 

During all stages of shoulder construction, the required cross fall shall be maintained to drain off surface 
water. Regardless of the method of laying all shoulder construction material shall be placed on the shoulder. 
Any spilled material dragged on to the pavement surface shall be immediately removed without damage to the 
pavement. 

8.7. Bituminous Constructions 

Rural roads are expected to have very low traffic, and therefore, any all-weather surfacing will provide 
the needed connectivity. But, where there is reasonable volume of motorised traffic, thin bituminous surfacing 
will be desirable. This section deals with construction of all different bituminous construction required for 
flexible pavement. The basic objective of providing thin bituminous surfacing on rural roads is to seal granular 
surface cost effectively and to reduce maintenance efforts. 

8.7.1. Prime coat on granular surfaces : Prime coat is a spray application of low viscosity liquid 
bituminous material on top of the top most granular layer of the base course. Prime coat performs following 
important functions. 

Coats and bonds loose mineral particles of granular surface 

Water proofs the surface of the base by plugging capillary or interconnected voids 
Provides adhesion or bond between the granular base and bituminous layers 

The primer shall be a slow setting bitumen emulsion complying with IS:8887-1 995, or medium curing 
cut-back as per 18:217-1983. The use of medium curing cut-back shall be restricted to sub zero temperature 
conditions only. The procedure for preparation of cut-back for primer is given in Appendix-8.3. The requirement 
of viscosity and quantity of liquid bituminous materials to be used for priming shall be as given in Table 8.9. 



Table 8.9. Requirement of Viscosity and Quantity of Liquid Bituminous Materials for Priming 



Porosity 


Type of Surface 


Viscosity at 60"C 
Saybolt Furol (Seconds) 


Quantity per 10 sqm (kg) 


Low 


WBM 


14-28 


6-9 


Medium 


Stabilised base 


33-66 


9-12 


High 


Gravel base 


1 17-234 


12-15 



The primer can be applied using one of the following equipments as decided by Engineer-in-Charge: 

Self propelled distributor 
Towed bitumen pressure sprayer 
Hand sprayer (for small works) 

Prior to applying the primer, the surface shall be carefully swept or brushed clean of dust and loose 
particles. The desirable range of temperature of cutback as primer for grades, viz., MC-30, MC-70, MC-250 
shall be 30 to 55°C, 50 to 80°C and 75 to 100°C respectively. Emulsion as primer can be sprayed at 20-60°C. A 
primed surface shall be allowed to cure for atleast 24 hours before application of next bituminous layer. Emulsion 
for priming always requires dilution with water in 1 : 1 ratio (water: emulsion). A very thin layer of clean sand 
may be applied to the surface of the primer to prevent the primer picking up under wheels of paver or trucks 
delivering material for construction of bituminous layer. 

8.7.2. Tack coat application : Tack coat is a very light application of liquid bituminous material on 
a bituminous layer when a new layer is to be laid over it. It is used to create a bond between a new bituminous 
layer to be placed on the existing bituminous or a primed granular layer. The following types of liquid bituminous 
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materials can be used for tack coat applications: 

Rapid or medium or slow setting type emulsion (IS: 8887- 1 995 ) 
RC-70 or MC-70 grade cutback bitumen (IS:21 7-1 988) 
Hot bitumen 

The existing surface shall be made slightly damp in case of tack coat using emulsion and dry if bitumen 
or cutback bitumen is used. Hot bitumen or cut back bitumen may be used in special case, where it is felt 
necessary for climatic reasons. The tack coat may be sprayed by one of the following equipments: 

Self propelled pressure distributor 
Towed bitumen sprayer 
Pressure hand sprayers 
Perforated cans for small areas 

The surface to be tack coated must be clean, free of loose material and dust. In case emulsion is used for 
tack coat, the bituminous layer is placed after complete breaking of emulsion as indicated by change in colour 
from brown to black. The recommended quantities of liquid bituminous material for tack coat are as given in 
Table 8.10. 



Table 8.10. Recommended Quantities of Liquid Bituminous Material for Tack Coat 



Types of Surface 


Quantity per 10 sqm 


Granular (Primed) 
Bituminous Surface 


3.0 kg 
2.5 kg 



If, the existing surface is a freshly laid bituminous layer, a tack coat is not mandatory and it may not be 
required at all. 

8.7.3. Modified penetration macadam (MPM) : A thm premix carpet (20-25 mm) laid directly on 
granular surface gets deteriorated fast if the traffic is reasonably high. Thicker treatments, like, DBM and BM 
are costly and for level of traffic on rural road does not justify the same. Therefore, it is essential to have 
transition/intermediate layer. One can, therefore, consider the use of penetration macadam, modified penetration 
macadam, built-up spray grout etc. for such special cases. Built-up spray grout involves use of mechanically 
crushed metal. However, the requirement of crushed metal is reduced m the case of penetration macadam and 
modified penetration macadam, as hand broken metal by local unskilled rural labour can be used and is also 
cost effective. In such a situation, it is desirable to replace the top layer of WBM by one layer of MPM. The 
specifications of MPM are given in Appendix-8.4. 

8.7.4. Bituminous macadam : Construction of bituminous macadam may be required in specific 
locations, only for strengthening purpose where traffic is very heavy and laying of bituminous base course is 
essential. Bituminous macadam is generally laid in compacted thickness of 50 mm to 100 mm on previously 
prepared base, and aggregate for such layer shall conform to grading given in Table 8.11. 

The Gradmg-I shall be used for 75-100 mm compacted thickness while Gradmg-II shall be used for 50- 
75 mm compacted thickness. The aggregate shall consist of hard crushed rock, crushed gravel, any other 
material and of uniform quality conforming to the specifications given in Chapter 4. The bitumen shall be of 
paving grade conforming to IS:73-1 992 and grade shall be 80/100 or 60/70 depending upon climatic conditions 
(Chapter 4). The 80/100 grade shall be used for cold climate areas or where difference between minimum and 
maximum temperature is more than 20°C, otherwise 60/70 grade bitumen shall be used. The aggregate of 
different sizes shall be proportioned and blended to produce a uniform mixture complying with requirements 
of grading given in Table 8.1 1. The range of temperature for different construction operations shall be as per 
Table 8.12. 



195 



IRC:SP:20-2002 



Table 8.11. Gradings of Aggregate for Bituminous Macadam 



lO JlvVv 


Per cent Passing 


Grading I 


Grading II 


45.0 mm 


100 




37.5 mm 


90-100 




26.5 mm 


75-100 


100 


19.0 mm 




90-100 


13.2 mm 


35-61 


56-88 


4.75 mm 


13-22 


16-36 


2.36 mm 


4-19 


4-19 


300 u 


2-10 


2-10 


75 u 


0-8 


0-8 



Table 8.12. Range of Temperature for Different Construction Operations 



Bitumen 
Grade 


Mixing Temperature (°C) 


Temperature of Mixed 
Material (°C) 


Laying Temperature 

(°C) 


Rolling 
Temperature (°C) 


Bitumen 


Aggregate 


S-65 


150-165 


150-170 


165 max. 


125 min. 


100 min. 


S-90 


140-160 


140-165 


155 max. 


1 1 5 min. 


90 min. 



The binder content shall be in between 3.1 to 3.5 per cent depending upon the type of aggregate. The 
method for preparation of mixture, spreading and rolling shall be as described in Appendix-8.5. The layer of 
bituminous macadam shall be covered with wearing coat or subsequent layer within 48 hours. If there is any 
delay, surface may be covered by sand seal. The surface finish and other requirements of completed construction 
shall comply to quality control as detailed in Chapter 10. 

8.7.5. Construction of bituminous surfacings : The following specifications can be used for surface 
course of rural roads: 

• Surface dressing 

Open graded premix carpet with seal coat 

• Closely graded premix carpet or mix-seal surface 

The details of their construction procedures are given in following Sub-Sections. 

8.7.5.1. Surface dressing : The construction of surface dressing may be undertaken in one coat or two 
coats. It is an age-old technique of surfacing roads, which is continually modernised in recent years. In 
practical terms, it involves successive spraying and spreading of binder and aggregate respectively. The merits 
of this type of construction which mainly seals granular surface are: 

Binder ensures water proofing of the base layer as well as fixation of aggregates and prevents further oxidation of old 
surface 

Aggregates serve to ensure contact between the traffic and pavement and provides skid resistant surface 

The construction may be conveniently accomplished in various manner e.g. manually or through 
synchronous spreading. The quality and speed of work can be achieved by way of synchronised surface dressing. 
The machine is truck mounted with bituminous sprayer and chip spreader. The spreading of bitumen is 
synchronised with respect to application of chips as per design requirement. The binder shall be a liquid 
bituminous material, e.g., paving bitumen conforming to IS:73-1992, modified bitumen (IRC:53) or a rapid 
setting bitumen emulsion (IS:8887-1995), as decided by the Engmeer-m-Charge. 

The aggregates shall be m conformity with specifications given in the Chapter 4. 
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In case water absorption of aggregates exceeds 1 per cent, chips precoated with 1 per cent bitumen may 
be used. The quantities of aggregates and binders per 10 sqm shall be as given in Table 8.13 . 



Table 8.13. Quantities of Aggregate and Binders per 10 sqm 



Types of 
Construction 


Normal Size 
of Chipping 

(mm) 


Specification of 
Aggregate (mm) 


Quantity of 
Aggregate 

(cum/10 sqm) 


Quantity kg/ 10 sqm 


Bitumen 


Emulsion 


First coat 


19 


19.0-13.2 


0.10 


10 


1 1 


Second coat 


13 


13.2-9.5 


0.08 


9 


18 



The aggregate shall conform to grading given in Table 8.14. In case of single coat surface dressing, 
grading of second coat will be adopted. The rate of spread of binder and aggregate can be calculated by an 
engineering approach to design surface dressing based upon determination of average least dimension (ALD) 
of aggregate. The concept of ALD has been developed including four factors of traffic, condition of existing 
surface, climate and type of chipping. The factors for these four characteristics are given in Table 8.15. 
The sum of these factors shall be used for calculation of design binder content and chipping application 
rate. Determination of design binder content and chipping application rate as shown in Figs. 8.1 and 8.2 or by 
the procedure given in "Manual for Construction and Supervision of Bituminous Works" of MoRT&H. 



Table 8.14. Grading of Chips for Surface Dressing 



Sieve Size 


Per cent Passing 


First Coat (19 mm) 


Second Coat (13 mm) 


26.5 mm 


100 




19.0 mm 


85-100 


100 


1 3.2 mm 


0-40 


85-100 


9.5 mm 


0-7 


0-40 


6.3 mm 




0-7 


2.36 mm 


0-2 


0-2 


75 p 


0-1 


0-1 



Table 8.15. Factors for Design of Surface Dressing 



Traffic Level 


Types of Chipping 


Existing Surface 


Climate 


CVPD 


Factor 


Description 


Factor 


Description 


Factor 


Description Fac-tor 


0-100 


+3 


Round 


+2 


Untreated 


+6 


Wet & Cold +2 


100-500 


+ 1 


Dusty 


+2 


Primed 


+6 


Wet & Hot +1 


Cubical 


0 


Lean 


0 


Temperate 0 


Flaky 


_2 


Average 


-1 


Dry & Hot -1 


Precoated 


_2 


Rich 


-3 


Very Dry, Hot -2 



The spraying temperature for different types of binders is given in Table 8.16. 



Table 8.16. Spraying Temperature for Different Types of Binder 



Binder 


Whirling Spray Jets 


Slot Jets 


Min. °C 


Max. °C 


Min. °C 


Max. °C 


Penetration grade bitumen (S-90) 


170 


190 


165 


175 


Modified bitumen 


180 


200 


175 


185 


Emulsion (RS) 


25 


50 


25 


50 
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A 
6 i — 




Fig. 8.1. Determination of Average Least Dimension of Aggregate 
Chipping application rate, kg / m 2 



27 25 23 21 19 17 15 13 11 9 7 5 
I ' 1 1 1 ' I 1 1 ' 1 1 1 1 I ' I 1 1 ' I ' 1 




OS 0-8 10 12 y-C 1 6 1 8 2 0 2 2 



Binder application rate, I / m 2 
Fig. 8.2. Determination of Design Binder Content and Chipping Applicatioon Rate-Jackson Method 
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The surface shall be cleaned of dust or loose material either by using a mechanical broom or compressed 
air or as specified in the contract or as decided by Engineer-m-Charge. Equipment used for construction of 
surface dressing has a major impact on the quality of finished surface and subsequent performance. Binder 
(paving bitumen or modified bitumen) shall be heated to desired temperature and sprayed on dry surface m a 
uniform manner with the help of self propelled mechanical sprayer or any other suitable equipment decided by 
the Engineer. The equipment and general procedure shall be in accordance to "Manual for Construction and 
Supervision of Bituminous Works" ofMoRT&H (2001 ). Immediately after application of binder, stone chipping 
in dry and clean state shall be spread uniformly on the surface by means of a self propelled or towed mechanical 
grit spreader to cover the surface completely. Spreading of binder and aggregate can also be accomplished by 
synchronised equipment in one step. Immediately after application of cover aggregate, entire surface shall be 
rolled with 8-10 tonne smooth wheeled steel roller or 8-10 tonne static weight vibratory roller or any other 
approved equipment. Rolling shall continue until all aggregate particles are finally embedded in binder and 
present a uniform closed surface. The second coat of surface dressing if required shall be undertaken after the 
surface is exposed to traffic for about 1 5-20 days. A trial patch shall be laid to find out the quantity of bitumen 
depending upon the condition of existing surface. However, surface shall be duly cleaned before application of 
second coat. Some of the special precautions are necessary during construction of surface dressing as surface 
dressing always matures in summer. It should not be done under the effects of low temperature and water. The 
sweeping of loose aggregate particles after rolling help in prevention of loss of aggregate due to traffic movement. 
Traffic shall not be permitted to run on any newly surface dressed until following day. In special circumstances, 
traffic may be allowed at the speed of 10-15 km/hour until following day. An example for calculation of design 
of surface dressing is given in Appendix-8.6. 

8.7.5.2. Open graded premix carpet with seal coat : The open graded premix carpet construction 
involves use of mixed bituminous material laid in compacted thickness of 20 mm followed by a seal coat. The 
aggregate quality for premix carpet shall conform to requirements as given in Chapter 4. In case water absorption 
exceeds 1 per cent, the polished stone value as measured by the test in BIS:812 Part II shall be less than 55. The 
binder shall be paving bitumen conforming to IS:73- 1 992 or emulsion conforming to IS: 8887- 1995 specifications 
or modified bitumen conforming to IRC:SP:53. The quantity of materials needed for 10 sqm road surfaces for 
20 mm compacted thickness of open graded premix carpet are given in Table 8.17. 

Table 8.17. Material Requirements for Open Graded Premix Carpet 



Aggregate 


Bitumen, 
kg per 10 sqm 


Emulsion, 
kg per 10 sqm 


Size, mm 


Quantity, 
cum per 10 sqm 


22.4-1 1. 2 
13.2-5.6 


0.18 
0.09 


14.6 


20-23 



Any hot mix plant or spot mixer of appropriate capacity and type shall be used for preparation of mixed 
material. The temperature of ingredients and mix shall be as given in Table 8.18. 



Table 8.18. Temperature of Ingredients and Mix 



Grade of Bitumen 


Temperature "C 


Bitumen at mixing 


Aggregate at mixing 


Mix delivered at site 


Mix at the time of rolling 


S-35 


165-170 


170-175 


135-155 


> 1 00 


S-65 


155-165 


160-170 


130-150 


>95 


S-90 


150-160 


155-165 


125-145 


>90 
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The construction operations, like, mixing, spreading and rolling shall be same as described in 
Appendix-8.5. In case of construction of open graded premix carpet using bitumen emulsion premixing of 
cationic emulsion shall be carried out in a suitable mixing device such as cold mix plant as per IS:5435 (Revised) 
or concrete mixer. The other details regarding mixing, spreading and rolling are given in Appendix-8.5. The 
surface shall be sealed with suitable seal coat. 

Seal Coat : These types of construction are undertaken for sealing open graded premix carpet surface or 
a pervious surface of bituminous macadam. The binder shall be S-90 grade conforming to IS:73-1992. The 
grading and quantities of binder shall be as given in Table 8.19. 



Table 8.19. Requirements of Materials for Seal Coat 



Type 


Aggregate 


Bitumen 


Emulsion 




Specification 


Quantity, 


Specification 


Quantity, 


Specification 


Quantity, 




Size, mm 


cum 




kg/10 sqm 




kg/10 sqm 


A 


1 1.2-2.36 


0.09 


S-65 


9.8 


RS 


15.0 


B 


2.36-0.18 


0.06 


S-90 


6.8 


SS 


10.0 



The type A seal coat shall be ustu for high rainfall areas (over 1500 mm) and type B seal coat for other 
climatic conditions. 



8.7.5.3. Closely graded premix surfacing or mixed seal surfacing : This type of construction involve 
laying of closely graded premixed material in 20 mm compacted thickness on a previously prepared surface. 
The aggregate shall consist of angular clean hard and durable material of uniform quality as specified in Chapter 
4 conforming to gradings given in Table 8.20. 



Table 8.20. Aggregate Gradation for Closely Graded 
Premix Surfacing 



IS Sieve (mm) 


Per cent Passing 


13.2 


100 


1 1.2 


88-100 


5.6 


31-52 


2.8 


5-25 


0.09 


0-5 



The total quantity of aggregate shall be 0.27 cum per 10 sqm area. The quantity of bitumen shall be 19 
kg/10 sqm. If emulsion is used as biiu'c the quantity shall be 28-30 kg/10 sqm. The other conditions will be 
identical as specified in Section 8.7.5.2 and details are given in Appendices-8.5 and 8. 7. 

8.8. Semi-Rigid Pavement Construction 

Semi rigid pavements are those having wearing course materials of modulus of elasticity less than 
pavement quality concrete and greater than bituminous material. For example, dry lean cement concrete, 
cement fly ash bound macadam, lime fly ash concrete, lime fly ash bound macadam, etc. are some of the semi 
rigid materials. These are also used for making Cement Treated Base (CTB). Semi rigid materials have wide 
range of compressive strength 40- 1 50 km/sqcm. In case of rural roads, the wearing course shall be thin bituminous 
surface over a semi-rigid base. Before starting the construction of these roads samples of soil, earth filling 
from borrows pits, aggregate, etc. shall be collected. Engineering properties of the same shall be determined as 
per IRC/Bureau of Indian Standard Codes (IRC:SP:49, IRC: 15, IRC:SP:11, IS:516-1959 and IS: 1 199-1959). 
To get uniform quality of pavement works and their proper mix design, there is a need for the selection of 
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suitable standard materials and equipment : 

(i) the existing loose soil/subgrade upto adequate depth (depending upon levelling) shall be cut or spread to a camber (2 per 
cent) and compacted with road roller 8 to 10 tonne capacity, at optimum moisture content. The maximum dry density 
(compacted) in this case shall be as per Section 8.3.3. 

(it) Before, spreading any semi-rigid material or WBM over the subgrade the existing subgrade layer shall be kept wet with 
water for 48 hours before compacting with static road roller of 8-10 tonne capacity. 

(iii) Over the compacted subgrade, water bound macadam (macadam thickness 1 50 mm, WBM Grade II) shall be laid in two 
layers and compacted separately. A layer of Dry Lean Concrete (DLC) 1:4:8 (cement: sand: coarse aggregate) shall be 
laid over compacted moist Water Bound Macadam (WBM) uniformly and then compacted to a thickness of 1 00-1 50 mm. 
DLC shall be provided either over the compacted subgrade or over the compacted WBM in case of very weak soil (CBR 
2 per cent or less) (Black cotton soil or its equivalent) or in snow bound regions and heavy rainfall areas (rainfall more 
than 1000 mm). 

(iv) Dry lean cement concrete with or without fly ash is laid over the compacted and properly cambered sub-base. Dry Lean 
Concrete shall be cured with water for minimum fourteen days. Light traffic may be allowed after 28 days of laying of 
pavement. For higher traffic, a bituminous layer or roller compacted concrete layer may be provided. This will have 
adequate abrasion resistance and structurally adequate surface. 

(v) Any ruts or soft yielding places that appear, due to improper drainage condition, traffic or from any other cause, DLC 
shall be corrected and rolled, before laying wearing surface. 

(vi) The coarse aggregates shall not be dumped in heaps directly on the subgrade/WBM within the area over which DLC is to 
be spread. The DLC shall be spread uniformly and evenly upon the prepared subgrade/WBM in required quantities 
before compaction starts. 

(vii) There should not be any variation of level greater than 10 mm when 3 meter long straight edge is laid parallel to centre 
line of dry lean cement concrete. 

(viii) DLC of 10-15 cm thickness (compacted) may be laid in one layer. The layer shall be tested for thickness using wooden 
blocks. 

(ix) DLC surface shall be covered with 20 mm thick premix carpet with seal coat or closely graded premix carpet or 20 mm 
thick mixed seal surface. 

8.9. Concrete Pavements 

8.9.1. Rigid pavement using pavement quality concrete (PQC) : Rigid pavement can be constructed 
as per the designed based on IRC: 5 8, construction procedure as mentioned in IRC: 15 "Construction of Concrete 
Roads" and Clause 602 of MoRT&H Specifications for Road and Bridge Works. 

8.9.2. Materials requirements : The constituents of rigid pavements are cement, water sand and 
coarse aggregate. These materials shall be in conforming and in accordance with relevant standard methods of 
testing prescribed by the Bureau of Indian Standards and IRC: 15 "Standard Specification & Code of Practice 
for Construction of Concrete Roads". The materials and their specifications for base, sub-base, and subgrade 
preparation shall be as per IRC :SP:49 "Guidelines for the Use of Dry Lean Concrete as Sub-base for Rigid 
Pavement" and IRC: 19 "Standard Specification & Code of Practice for Water Bound Macadam". JRC:109 
"Guidelines for Wet Mix Macadam" and IRC:60 "Tentative Guidelines for the Use of Lime Fly Ash Concrete 
as Pavement Base or Sub-base" and other materials as mentioned in Chapter 4 may also be used as base or sub- 
base course for rigid pavement construction. 

8.9.3. Concrete mix design : After selecting the material and their availability, the cement concrete 
mix shall be designed as per IRC:44 "Tentative Guidelines for Cement Concrete Mix Design for Pavements" 
or IS: 10262-1982 for minimum flexural strength of 40 kg/sqcm in the field assuming good degree of quality 
control in the field. As per MoRT&H "Specifications for Road and Bridge Works", the cement content in the 
pavement quality concrete (PQC) shall not be less than 350 kg/cum and not more than 425 kg/cum. The 
approximate mix proportions (by weight) generally used is 1:1.5:3.0 [cement: sand (fine aggregate) : coarse 
aggregate] with water/cement ratio 0.38. The exact mix proportion shall be taken only after testing the materials 
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in a recognized laboratory, the supplied cement, aggregate and water to be used at site. If fly ash or any other 
specified material is to be added as replacement of cement or sand, as per IS:456-2000 "Code of Practice for 
Plain and Reinforced Concrete", the mix proportion accordingly may be changed. 

Cement concrete cubes and beams (6 No. each) shall be cast daily to check 7 and 28 days strength as 
per IRC:SP: 1 1 . The maximum size of coarse aggregate may be upto 20 mm. The aggregate normally used has 
water absorption not more than 3 per cent and silt content (size less than 75 micron) shall not exceed 3 per cent 
in case of natural aggregate. The flexural strength of concrete obtained in the field shall not be less than 40 kg/ 
sqcm. The workability of the concrete at the time of placing shall preferably be 10 mm slump. 

8.9.4. Equipment : Tools, equipments and appliances for concrete pavement construction shall be 
as per IRC:43 and IRC:SP:49. Edging tool shall be used for making the sharp edges of the joints in the slabs. 
Proper care shall be taken while maki u edges. Needle and screed vibrator shall be used for compaction of 
concrete. Excessive compaction of the concrete is to be avoided. It has to be checked that no extra water or 
bleeding shall occur on the top surface of concrete. Excessive water at the top will make the top surface very 
weak and there will be more abrasion as compared to adequately concrete surface. Edges of concrete shall be 
atleast 1 meter away from a tree there, if any. 

(a) Preparation of subgrade : This shall be as per procedure mentioned for bituminous construction. 
For details IRC: 15 "Standard Specification and Code of Practice for Construction of Concrete Roads" may be 
referred. We may provide a drainage layer/crack absorbing layer using granular material in addition to the base 
course layer in case of very weak subgrade (CBR lass tan or equal to 2 per cent). The thickness of subgrade 
shall be 1 50-300 mm. The drainage layer shall consist of well drained material placed on the subgrade, or even 
on the existing flexible pavement as a crack arresting layer as well as drainage layer. This may be made up of 
natural coarse sand, moorum, gravel, open graded crushed stone, GSB or its equivalent. The thickness of 
drainage layer shall be 1 50 mm (compacted). The drainage layer shall be at proper gradient and camber (1 in 80 
in the transverse direction). 

(b) Preparation of base course : Any of the specified material as mentioned below may be used as 
base course for construction of concrete pavement. The following three types of specifications are used for 
construction: 

(i) Water Bound Macadam (WBM): It shall be laid as per the procedure given in Section 8.5.1 

(ii) Wet Mix Macadam (WMM): It shall be laid as per the procedure laid down in IRC : 1 09. 

(iii) Dry Lean Cement Concrete with or without fly ash: It shall be laid as per the procedure laid down in IRCSP.49. The 
base course consists of dry lean cement concrete minimum grade M 1 0) placed above subgrade or drainage layer. The base 
layer may be of 100-1 50 mm thickness, compacted with road roller 8-10 tonne capacity, at 7 to 8 percent water by weight 
of concrete, so that the concrete could take the weight of roller and could be compacted with roller conveniently. The mix 
proportion of dry lean concrete (DLC) of grade minimum M 1 0, shall be, 1 :4:8 ( 1 cement: 4 sand : 8 coarse aggregate). It 
shall be laid uniformly and then compacted (Compacted Thickness of DLC = 1 00- 1 50 mm) as per IRC:SP:49. The cement 
content in the DLC shall not be less than 150 kg/cum. If fly ash is available within 50 km radius, it may be used as 
replacement of sand by 50 per cent by weight. Any ruts or soft yielding places that appear due to improper drainage 
condition traffic or from any other cause on DLC, shall be corrected and rolled until firm, before the Pavement Quality 
Concrete (PQC) is placed thereon for better compaction of PQC. 

(c) PQC wearing course : Wearing course shall be laid as per the procedure as mentioned in IRC: 15. 
In brief the procedure is given here as: 

(i) Fixing of formwork (shuttering) shall be over the base course. It shall be set to true level and securely fixed in position 
to prevent any subsequent disturbance duiing compaction. 

(ii) Manufacture and placement of concrete unless otherwise permitted, the constituents shall be weighed in a batching plant. 
Where volume batching is permifffd, every effort should be made to minimise variation in batching. Mixing of concrete 
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shall be done in a power driven mixer of approved type that will ensure a uniform distribution of materials. 

(iii) Concrete shall be placed on the prepared base between formwork in such a manner as to avoid segregation and uneven 
compaction. Concrete shall be deposited within 20 minutes and compacted within 60 minutes in summer and 75 minutes 
in winter. Concreting shall not be done when the atmospheric temperature is below 5°C and above 40°C . 

(iv) Concrete shall be compacted fully using vibrating screed and internal vibrator. Water in the fresh concrete should not be 
in excess of the stipulated quantity, otherwise concrete is likely to crack within very short period after drying. After 
compacting and finishing with screed, a float and then a broomer is used to finally finish the top surface with required 
texture to avoid skidding. Any depressions or high spots showing departures from the true surface shall be immediately 
rectified. High spots shall be cut down and refinished. Depressions shall be enlarged to about 80-100 mm and refilled 
with the same fresh concrete, compacted and finished. All the above operation shall be completed within 75 minutes in 
winter or 60 minutes in summer from the time of adding water into the mix. 

(v) If concrete slab shall be laid in two layers, the second layer shall be placed within 30 minutes of compaction of the lower 
layer. 

(vi) Over the compacted DLC, a layer of Pavement Quality Concrete (PQC) of thickness 1 50-240 mm shall be laid as per the 
design with proper shoulder on both sides of the 3.75 m wide lane. The flexural strength of concrete shall not be less than 
40 kg per sqcm. Accordingly the minimum compressive strength of concrete may be approx. 350 kg/sqcm. The actual 
relation between compressive and flexural strength of concrete shall be established for calculating the actual flexural 
strength of concrete. There should not be any variation more than 12 mm when 3 meter long straight edge is laid parallel 
to centre line of the dry lean cement concrete base course and 1 0 mm for PQC. 

(vii) The layers shall be tested for thickness with wooden block. 

(viii) The coarse aggregate shall not be dumped in heaps directly on the subgrade/DLC within the area over which PQC is to 
be spread. 

(ix) Adequate compaction of concrete by suitable vibratory (first by needle vibrator specially at edges and then by screed 
vibrators) equipments is necessary. Every 1 per cent void remaining in the concrete means a loss of strength of the order 
of 4-5 per cent. 

(x) The strength of concrete shall be ascertained either from cube or beams specimens. For this purpose, during the progress 
of work, cube and beam samples shall be cast for testing at 7 and 28 days as per IS:5 16-1959 and IS: 1 199-1 959. Adequate 
quality control should be exercised at all stages of construction by suitable trained staff as per guidelines given in IRC: 1 5 
"Standard Specification and Code of Practice for Construction of Concrete Roads" and "Handbook of Quality Control 
for Construction of Roads and Runways" (IRC:SP: 1 1 ) and also as per Hill Road Manual (IRC:SP:48). 

(xi) Contraction and expansion joints shall be provided as per the Guidelines mentioned in IRC: 15 or IRC58. All materials 
required for the joints, viz. tie bars at longitudinal joints, dowel bars at expansion joints, expansion joint filler boards and 
joint sealing compounds shall be checked for specification requirements as per IS: 1 834 and IRC:57. 

(xii) Curing shall commence soon after the finished pavement surface can take the weight of the wet burlap, cotton or jute mats 
normally employed for initial curing, without leaving any marks thereon (IRC:SP: 1 1 ). The mats shall extend beyond the 
pavement edges at least by 0.5 m and be constantly wetted. Initial curing shall be for 24 hours or till the concrete is hard 
enough to permit labour operations without damages. Upto 24 hours no water other than mixing water, should be added 
to the surface of concrete except just wet burlaps. Final curing, after removal of the mats, etc. shall be carried out by wet 
ponding earth, ponding of water or other means specified. Where water is scarce or pavement is on a steep gradient, 
impervious membrane curing shall be adopted as per specified standard of MoRT&H. Pavement can be opened to traffic 
after 28 days of curing of concrete slabs. 

8.9.5. Special requirements 

(i) The angle between any two joints should be right angle or obtuse and joints (contraction, longitudinal, expansion) shall 
match with the other joints to avoid sympathetic cracks in the adjoining slabs. 

(ii) The contraction joints shall be provided by cutting the concrete slab with diamond blade cutter of width 6-8 mm and 
depth 60 mm after 48-72 hours of casting the slabs. The contraction joints spacing shall be at 4.5 m c/c filled with hot 
bituminous sealing compound (upto one third of the thickness of PQC) to be provided up to say 60 mm in height (width 
6 to 8 mm), as per IRC:1 5. The expansion joint shall be provided as per IRC: 1 5 as a butt joint with dowel bars of dia 30 
mm at a spacing of 400 mm centre to centre properly fixed in a steel cage. Expansion joints are provided when thickness 
of PQC is more than 150 mm. The width of the expansion joint shall be 20 mm. Premoulded joint filler board of width 20 
mm and height 1 1 0-200 mm Over the board hot sealing compound may be filled. 
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(iii) If dry fly ash of lime reactivity greater than 40 kg/sqcm is available within reasonable lead (say 50 km), the same may be 
used as replacement of cement by 1 0-20 per cent as performance improver in Pavement Quality Concrete (PQC) or 50 per 
cent of sand can also be replaced by fly ash in Dry Lean Cement Concrete (DLC) to have better durability, less heat of 
hydration and better finishing provided 28 days strength of PQC or DLC is not reduced. 

(iv) Unless special precautions are taken, concreting shall not be done when atmospheric temperature in shade is above 40°C 
or below 5°C (IRC:61). 

(v) The tools and equipments should be according to IRC:43. 

8.9.6. Roller compacted concrete pavement 

(i) For construction of roller compacted concrete pavement as a rigid pavement, formwork as per IRC:43 is preferably 
required over WBM/semi-rigid pavement to properly confine the concrete for adequate compaction by smooth wheel 
roller (preferably vibratory roller). 

(ii) For the construction of roller compacted concrete pavement, roller compacted concrete (RCC) can be either laid on 
compacted base course of WBM or dry lean concrete or any equivalent base course as per IRC:SP:49. 

(iii) Over the compacted DLC, a layer of roller compacted concrete (RCC) of thickness 22 cm shall be laid when maximum 
axle load on the rural roads is of 10.2 tonne. The flexural strength of concrete shall not be less than 40 kg per sqcm. 
Accordingly the minimum compressive strength of concrete may be approximately 350 kg/sqcm. The concrete shall be 
preferably cured for 28 days from casting. The size of slabs is 5 m x 3.75 m with contraction joint at 5 m interval using hot 
sealing compound. The joint may be provided with cut up to h/3 to h/4 in depth (width 6 to 8 mm) where h is the thickness 
of RCC. 

(iv) All fine and coarse aggregate, cement and water, if weigh batched (double bucket, swing type weigh batchers are now 
easily and economically available in the market which are generally being used for larger projects) gives greater uniformity 
in the quality of concrete. Ready mixed concrete, if available, may also be used. Due to non-availability of weigh batcher, 
volume batching may also be allowed for the construction of rural roads, but with very good quality control. 

(v) Adequate compaction of zero slump concrete by suitable equipments is necessary. Every 1 per cent void remaining in the 
concrete means a loss of strength of the order of 4 to 5 per cent. 

(vi) Surface water can be drained off to side drains by providing proper camber in the base course of 2 percent from centre line 
towards the transverse direction. 

(vii) Longitudinal slope is essential to drain water along side drains. A minimum gradient specified in Chapter 2 are provided 
m longitudinal direction. 

(viii) All form works, finishing operation and curing shall be as per relevant standard specifications (IRC43 and IRC: 15). 

(ix) The K value on WBM is between 10-14 kg/cucm, which is also greater than the minimum K-value (taken as 5.54 kg/ 
cucm). Therefore RCC may be laid directly over WBM or DLC or both combined in case of heavy loads or extremely 

weak subgrade. 

8.10. Construction of Special Pavements 

8.10.1. Concrete block pavement (CBP)/interlocked concrete block pavement (ICBP) : This type 
of construction can be undertaken for road portion passing through village. The provision of drainage at the 
surface, sub-surface and sub-soil levels and preparation of the subgrade for Concrete Block Pavement (CBP)/ 
Interlocked Concrete Block Pavement (ICBP) is the same as for normal road construction. The compacted 
subgrade shall provide a stable working platform for subsequent construction and shall be graded and trimmed 
as per requirements. A good drainage layer shall be provided over the compacted subgrade. Base course shall 
have minimum 100 mm compacted thickness. The surface evenness of the base course shall be within 10 mm 
of the design profile. Bedding sand shall not be used as filler to correct base course profile. The base course 
shall be extended on both sides of the pavement, at least just beyond the positions of the edge restraints. Edge 
restraints shall be installed before preparation of bedding sand, and shall present a straight, vertical face to the 
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blocks After the construction of base course and installation of edge restraints, a typical construction sequence 
to be adopted in construction of block pavement for maximum productivity is illustrated in Fig. 8 3. Bedding 
sand shall be unloaded in small piles and regularly placed over the base course. Bedding sand shall preferably 
have moisture content of about 6 per cent, which will facilitate its spreading and compaction. Bedding sand 
shall be screeded m a uniform layer over the base course. The screed can be guided to level by tensioned string 
line set above the base course. At the time of screedmg, the thickness of sand must allow for the amount by 
which it will be subsequently compacted. 
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Fig. 8.3. Sequence of Construction Operation 
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The sand shall be distributed evenly with a small surcharge maintained in front of the screed. Screeding 
shall not proceed beyond about 1 m ahead of the planned end of block paving for the day. Sand shall be 
compacted with a manual, fabricated plate compactor and the level shall be readjusted using the screed. The 
surface profile of the screeded bedding sand shall match that required for the completed pavement. 

The pattern in which blocks are to be paved shall be decided from the three main choices available, 
namely herringbone, basketweave and stretcher patterns. A typical plan view of paving patterns is shown in 
Fig. 8.4. By and large, these patterns are the same as adopted for brick paving, and shall be familiar to local 
workers. For paving in trafficked areas, herringbone pattern shall be adopted for ensuring better performance. 
Paving shall commence and progress from one starting line only. Wherever possible, paving shall commence 
adjacent to or against edge restraint. 



BASIC BONDS 



DERIVED BONDS 




(a) STRETCHER OR RUNNING 



(d) DOUBLE-V 




(b) HERRINGBONE 




(e) DOUBLE HERRINGBONE 










1 1 
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(c) PARQUET OR BASKET WEAVE 



(f) PARQUET DERIVATIVE 



Fig. 8.4. Common Laying Patterns 
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Blocks shall be placed at the correct angle to the start line to achieve the final orientation of the laying 
pattern. For curved or unfavourably oriented edge restraint, a string line shall be established to permit fast, 
easy laying such that it is never necessary to force a block between blocks already paved. Maintenance of 
control over alignment, laying pattern and joint width can be assisted by the use of chalked string lines set at 
about 5 m intervals. Nominal joint width of 2 to 4 mm shall be maintained by holding the paving unit lightly 
against the face of the adjacent block and allowing it to slide into position. Cutting paving units for filling the 
paving gaps occurring against edge restraints etc. shall be deferred until sufficient work has progressed to 
allow reasonably continuous operation. When space does not permit the use of cut pieces of blocks, the use of 
premixed or dry packed concrete is recommended. 

After a section has been paved, compaction with vibrating plate compactor is effected by the following 
sequence of operations: 

Vibrate the blocks with three passes of a standard vibrating plate compactor. 

Spread a thin layer of fine sand on top of the paved blocks and sweep it into the joints, using suitable brooms. 
Vibrate the sand into the joints by making three passes of the compactor. 
Sweep off the excess sand on top. 

A standard vibrating plate compactor has a weight of 0.9 kN, a plate area of 0.3 sqm and is capable of 
applying a centrifugal force of 15 kN. Use of heavy-duty compactor is desirable for heavily trafficked pavements. 
A typical heavy-duty plate compactor weighs between 3 to 6 kN, has a plate area of about 0.5 to 0.6 sqm and 
is capable of applying a centrifugal force in the range of 20 to 30 kN. In the absence of a heavy compactor, the 
number of passes by the light compactor may be suitably increased. 

8.10.2. Construction of stone-sett pavement : Regularly cut stone-sett pavements (typical size: 
150x150x300 mm) are laid in herringbone or stretcher bond pattern with the rows running either across or at 
45° to the axis of the road. Regularly cut stones help in maintaining narrow joint spacing. With good quality 
stones joint widths of 10 mm or less can be achieved. For irregularly cut stones, the flat surface of the stones 
should be tolerated. While paving irregularly cut stones, joint widths upto 20 mm may be tolerated. While 
paving irregularly cut stones the flat surface of the stones should be facing the top. Properly graded coarse 
bedding sand should be used. The stones can also be set on a thick layer (50 mm) of hot sand bitumen mix. The 
compacted thickness of bedding sand should be 40 mm. The stones are compacted into the bedding sand using 
suitable compacting devices. The joint gaps are filled with fine sand, stone dust, or sand-cement mortar. Joints 
can also be sealed with hot bitumen. In case of application of mortar, moist curing for minimum one week has 
to be ensured for obtaining maintenance free pavement. Joint sealing can also be done with limestone dust 
mixed with 30 to 40 per cent bitumen. In case the stone-sett pavement is meant for trafficked areas, suitable 
precautions in regard to selection of base course should be taken, so that damage due to water ingress is 
minimised. The technique is best suitable for areas with low and slow-moving traffic, where good quality 
stones are locally available and craftsmen with knowledge of stone paving are available. 

8.10.3. Construction of brick-on-edge pavement : Bnck-on-edge pavement is similar to stone-sett 
pavement and is constructed over a thin layer of bedding sand. The compressive strength of bricks used for 
paving should not be less than 7 MPa. Brick laying is suitable for very low traffic areas, for paving on shoulders 
of pavements, local market areas, locations with difficult drainage, etc. For better performance, two layers can 
be used. Both layers should be paved in herringbone pattern with the flat sides of the bricks placed in the 
vertical direction (brick on edge). The bricks are embedded by light compaction. The joint gaps are filled with 
sand or hot bitumen. 
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8.11. Equipment Required for Different Operations (Intermediate Technology) 

Rural road construction and maintenance has been labour intensive in our Country. So much so that 
most of the time even a road roller has not been used for compaction on rural road works. It has to be recognised 
that providing employment opportunities in rural areas is an important aspect of overall rural development. At 
the same time compromising the engineering requirements would not be in the larger interest of the country, if 
the objective of rural road development programme is restricted to only providing employment opportunities. 
It is, therefore imperative to adopt an intermediate type of technology for rural road works. There has to be a 
good combination between the purely manual methods and total mechanisation. The intermediate technologies 
for various tasks/operations in rural road development works are outlined in Table 8.2 1 . However, effort should 
be to use only the appropriate conventional equipments for each task. 



Table 8.21. Intermediate Technology for Rural Roads 



SI No 


Task 


Intermediate Technology 


(i) 


Excavation 






(a) Soft soils 


Manual method 




(b) Hard soil 


Tractor-towed mould broad plough/rotavator 




(c) Soft soil/Stony soils 


Manual aids, like, pickaxes, spades, etc. 


(ii) 


Loading, hauling and unloading 






(a) 0-100 


Wheel borrows and pack animals 




(b) 100-1000 m 


Pack animals, animal carts and tractor trolleys 




(c) Over 1000 m 


Tractor trolleys/trucks 


(iii) 


Watering 


Tractor towed/animal drawn water tanker. If lead 
involved is less than 75 m head loads 


(iv) 


Spreading of soil or aggregate 


Head load if stacked outside the carriageway, Shovels 
spades if collected on the carriageway. 


(v) 


Mixing of soil aggregate/stabiliser water 


Tractor towed such as Disc harrow and rotavator 
Where available, otherwise manual methods. 


(vi) 


Production of aggregates 


Preferably manual methods and only in case of Smaller 
metal size crushers. 


(VII) 


Loading, hauling, unloading of aggregate 


Same as under task (ii) above. 


(viii) 


Compaction 






Embankment 


10-12 Tonne power roller, if not available lighter 
rollers Tractor-towed/animal drawn. 




Sub-base course other than WBM and Surfacing 


8-10 tonne power roller/tractor-towed roller. 
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Appendix- 8.1 

Tools, Appliances and Equipments Required for Manual Methods 

A. Road Alignment - Reconnaissance Survey and Trace Cut, Layout 

(i) Abbey level/quick setting level 

(ii) Ghat tracer 

(iii) Prismatic Compass and Theodolite, where required 

(iv) Dumpy level with staff 

(v) Altimeter 

(vi) Measuring chain with arrows/tape 

(vii) Ranging rods, flags, pegs and nails 

(viii) Sharp knife 

(ix) Pick axes, crow bars, shovels and spades 

(x) Felling axes sledges and Dahs 

(xi) Rope and mason's thread 

B. Formation Cutting/Embankment/Jungle Clearance 

(i) Hand saws, felling axes and dahs 

(ii) Anchor bars and rope 

(iii) Flags and measuring tape 

C. Excavation/Embankment 

(i) Pick axes, crow bars, shovels and spades 

(ii) Cane baskets and wheel barrows 

(iii) Sledges and chisels 

(iv) Rammers and compactors 

(v) Flags and rope 

(vi) Water cans, empty drums for storage of water and hose pipe 

(vii) Sheep foot roller with prime mover 

(viii) Template, straight edge 3 metres long and Engineer's sprit level 

(ix) Mason's thread and other tools as required for surface dressing or making camber. 

D. Blasting Tools 

)ar 

Made of steel for drilling holes in rocks 
Made of wood to charge and steam the holes for blasting 
Made of brass to clean the holes 

Made of brass, aluminium or wood to prick the cartridge prior to 
inserting detonator or detonating fuses. 
Made of non-ferrous, non-sparking material for rimping the 
detonator to fuse. 

E. Protective and Drainage Work 

Layout and construction 

(i) Measuring boxes, water measures and sieves 

(ii) Spades and shovels 

(iii) Mortar pans, cane baskets and wheelbarrows 

(iv) Iron rammers and wooden tampers 

(v) Dressing hammers and chisels 

(vi) Mason's tools including trovvel, float, spirit level, straight edge and thread etc. 



(0 


Auger/Crow bar 




Jumping bar 


(ii) 


Stemming rod 


(m) 


Scraper 


(iv) 


Pricker 


(v) 


Crimper 
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(vii) GI buckets - 6 to 12 litres 

(viii) Empty drum or GI storage tank 2000 litres capacity 

(ix) GI sheet for mixing mortar/concrete 

(x) Vibrator and concrete mixer 

(xi) Tools for making scaffolding 

Curing 

(i) Hessain cloth and polythene sheets 

(ii) Buckets, cans and hose pipe 

(iii) Empty drums or water storage tanks 2000 litres capacity 
F. Pavement Work 

Picking or removing old pavement 

(i) Pick axes, crow bars, hammers and chisels 

Laying out 

(i) Pegs, nails, rope, measuring tape, chalk and angle iron 

(ii) Wooden strips of required dimensions for edge support 

Cleaning the surface 

(i) Wire brushes 

(ii) Coir brushes 

(iii) Brooms and old gunny bags 

Handing and spreading materials 

(i) Baskets lines with gunny cloth and wheel barrows 

(ii) Bucket GI - 6 to 12 litres capacity 

(iii) Empty drums or GI storage tank-200 litres capacity 

(iv) Heating trays, wheel barrows 

(v) Hammer and cutter for opening bitumen drums 

(vi) 15 to 30 litres capacity containers for measuring aggregate 

(vii) Shovels and spades 

(viii) Rakers with small and long handle 

(ix) Spring balance 10 and 25 kg 

(x) Bitumen boiler 

(xi) Chain pulley arrangement for lifting drums 

(xii) Tractor or other arrangement to pull the bitumen boiler (Road Roller may also be able to do this) 

Checking profile and quality control 

(i) Thermometer dial type range 0°-250°C 

(ii) Thermometer, mercury in glass-range 00-250°C 

(iii) Straight edge-metres 

(iv) Camber board/template 

(v) Depth gauge 

Special tools for pavement surfacing 

(i) Manually operated sprayers 

(ii) Road rollers -3 wheeled smooth, tandem, vibratory and pneumatic as per specification of component layers of 
pavement 
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Appendix-8.2 

Plant and Equipment Required for Different Phases of Mechanised Construction 

A. Formation Cut/Embankment 
Jungle clearance 

(i ) Crawler tractor with bulldozer attachment 

(ii) Power saw 

(iii) Tractor mounted winch 

(iv) Rooters 

Formation cutting, excavation/embankment 

(i) Scraper, tractor/motonsed or towed 

(ii) Crawler tractor with bulldozer/angel dozer/ripper and wheel dozer 

(iii) Excavator with shovel/drag-line attachment 

(iv) Pay loader-(Front end loader) 

(v) Disc harrow 

(vi) Rotary tillers 

(vii) Water lorries 

(viii) Water pump 

(ix) Motor grader 

(x) Compactor-Sheep foot with prime mover, Vibratory roller and smooth wheel roller (8/1 0 tonne capacity) 
Blasting 

(1) Air compressor 

(ii) Wagon drill 

(iii) Jack hammer with accessories 

(iv) Exploder with shot firing cable 

(v) Ohm-meter 

(vi) Winch for suspending scaffolding 

B. Protective and Drainage Works 

(i) Excavator 

(ii) Back hoe ripper with prime mover/tractor 

(iii) Concretemixer 

(iv) Tripod pulley block/crane 

(v) Truck mounted mixers 

(vi) Vibrators Internal and screed type 

(vii) Fork lift 

(viii) Water lorries 

(ix) Bar bending machine 

(x) Water pump 

(xi) Load Carriers (Dumper/Tipper & Trucks) 

A. Flexible Pavement - (Pavemem with Bituminous Surfacing) 
Crushing of aggregate 

(i) Stone crusher 

(ii) Granulators 

(iii) Air compressor 

(iv) Jack hammer with accessories 

(v) Blasting accessories 

(vi) Tractor with dozer attachment, wheel dozer 
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(vii) Pay loader (front end loader) 

(viii) Load carriers (Dumper/Tipper & Trucks) 

(ix) Generator 

Laying base/sub-base course 

(i) Motor/Grader 

(ii) Water bowser with water sprinkling system 

(iii) Disc harrow/rotary tillers 

(iv) Paver finisher 

(v) Compactor - 3 wheeled smooth 8/10 tonne capacity roller 

(vi) Mixer for wet-mix macadam 

(vii) Plate compactor for compacting narrow widths 

(viii) Load carriers (Dumpers/Tippers) 

B. Bitumen Work 

Bituminous spraying and mixing equipment 

(i) Mechanical Broom 

(ii) Bitumen pressure distributor 

(iii) Gritter (Grit spreader) 

(iv) Hot mix or cold mixing plant of appropriate capacity with all accessories as laid down 
in IRC:72 and IRC:43 (for cement concrete roads) 

(v) Dumper/Tippers and Trucks 

Spreading and laying bituminous courses 

(i) Paver finisher 

C. Rolling Equipment and Pavement Marking Equipment 

(i) Three wheeled roller, 8-10 tonne 

(ii) Tandem roller 

(iii) Vibratory roller 

(iv) Pneumatic tyre roller 

(v) Pavement marker 

D. Tools for Checking Surface Evenness and Compaction 

(i) Profilometer 

(ii) Density meter 

E. Tools for Checking Surface Evenness and Density/Compaction 

(i) Profilometer 

(ii ) Density meter 

F. Rigid Pavement-Cement Concrete Roads 

(i) Motor grader 

(ii) Compactor - 8/10 tonne steel wheeled roller, vibratory roller, tandem roller 

(iii) Water lorry with water sprinkling arrangement 

(iv) Hydraulic hammer 

(v) Hydraulic concrete cutter for cutting/dressing the concrete pavement neatly etc. 

(vi) Screed vibrator 

(vii) Mixer 

G. Preparation of Concrete Mix and Laying 

(i) Concrete weigh batching plant of suitable capacity 

(ii) Trucks/dumpcrs/tippers 
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(iii) Mixer mounted on truck (transit mixer) 

(iv) Water bowser/water lorry 

(v) Cement silo 

(vi) Concrete laying appliances 

(vii) Joint sealing machine 

(viii) Joint cutting machine 

(ix) Forklift for shifting at work site 

(x) Water pump 

(xi) Concrete vibrators-internal type and screed type 

H. Tools and Appliances for Safety during Construction 

(1) Road barriers 

(ii) Diversion and Caution boards 

(iii) Red flags 

(iv) Field tent and accessories 

(v) Gum boots, gloves and Goggles 

(vi) First aid box 
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Appendix-8.3 

Procedure for Field Preparation of Cut-Back Bitumen 

Paving bitumen 80/ 1 00 is heated at 1 00°C to 1 1 0°C in a bitumen boiler. The required quantity of distillate 
of specified type is taken in an empty drum. Hot bitumen from the boiler is added to the drum. After closing the 
lid of the drum containing distillate and hot bitumen, it is rolled on the ground to and fro till a uniform blend is 
obtained. The blend so prepared is transferred to a storage tank. Sufficient quantity of cut-back bitumen has to 
be prepared before undertaking the road construction work. It may be ensured that the drum containing distillate 
is kept at a safe distance from bitumen boiler equipment. Naptha, kerosene oil, heavy distillate and diesel oil 
shall be used for preparation of rapid curing, medium curing, slow curing and primer type cut-back bitumen 
respectively. 
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Appendix-8.4 

Specifications for Modified Penetration Macadam (MPM) 

1. Scope 

These guidelines comprises providing and laying 50/75 mm thick Modified Penetration Macadam (MPM). 

2. Description 

The work consists of supply of materials and labour required for providing and laying MPM surface for 
compacted thickness of 50 or 75 mm. This item includes preparing the existing road surface to receive the 
MPM course, i.e., cleaning of the existing WBM surface spreading of 40 mm size metal layer in required 
thickness, with compaction with power roller, heating and spraying bitumen with sprayer, spreading key 
aggregates ( 1 2 mm chips) and final compaction with power roller, etc. Complete and finishing in accordance 
with the requirement in close conformity with grades lines, cross-sections and thickness as per approved drawings, 
etc. 

3. Materials 



3.1. Aggregates : The aggregate for providing MPM surface shall comply with MoRT&H 
Specifications and shall normally comply with the following regarding size and quantity of aggregates and 
grade and quantities of bitumen: 



Description 


Rate of application for 10 sqm area 




75 mm 


50 mm 




On asphalt 
Surface, cum 


On WBM 
Surface, cum 


On asphalt 
Surface, cum 


On WBM 
Surface, cum 


(a) 40 mm size hand 
broken metal 

(b) 12 mm size chips 


0.9 
0.18 


0.9 
0.18 


0.6 
0.18 


0.6 
0.18 



Note: Hand broken metal is preferred. However up to 30 per cent of total quantity of 40 mm size metal, 40 mm crusher broken, metal 
can be used. 



3.2. Bitumen : The bitumen shall be paving grade of S-35 to S-65 (30/40 to 60/70) as per IS:73- 
1 992 specifications. The rate of application 75 mm and 50 mm MPM to be constructed over existing bituminous 
or WBM surface is given in the table below: 



Description 


Rate of application for 10 sqm area (kg) 




75 mm 


50 mm 




Bituminous 
surface 


WBM 
surface 


Bituminous 
surface 


WBM 
surface 


(a) Bitumen for grouting 


20 


20 


17.5 


17.5 


(b) Tack coat for existing 
bituminous surface 


5 




5 





4. Preparing the Base 

4.1. Any pothole in the existing bituminous road surface and broken edges shall be repaired in 
advance and the surface shall be brought to correct level and camber with additional metal and bitumen as 
required. Before starting the work, the surface shall be swept clean of the entire dirt, mud cakes, animal 
droppings and other loose foreign material. 
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4.2. if so required by the Engineer, the Contractor shall keep the side width and nearby diversion 
watered to prevent dust from blowing over the surface to be bitummised. 

Existing water bound macadam surface shall be picked and surface loosened for a depth of 2.5 cm and 
the picked surface shall be brought approximately to the correct camber and section. Edge line shall be correctly 
marked by dog bellying the surface to form a continuous vee notch. 

There shall always be sufficient length of prepared surface ahead of the bituminous surfacing operations 
as directed by the Engineer to keep these operations continuous. 

5. Tack coat on Bitumen Surface 

Applying tack coat for existing bituminous surface only at the rate of 50 kg/100 sqm 

6. Preparation of Existing WBM Surface 

Preparation of existing WBM surface for receiving MPM which is quite similar to the Bituminous Bound 
Macadam as per MoRT&H. 

7. Spreading and Compaction 

7.1. 40 mm size metal shall be spread evenly at the specified rate of 9 cum or 6 cum per 100 sqm of 
area so as to form a layer (for 75 mm and 50 mm MPM respectively) over the width of road with correct 
camber/super elevation as required. Any foreign matter, organic matter, dust, grass etc. shall be removed 
immediately. The sections shall be checked with camber board and straight edge batten etc. Any irregularities 
shall be made good by adding aggregates in case of depressions and removing aggregates from high spots 
checked with camber board and straight edge batten etc. 

7.2. The surface of 40 mm metal layer after bringing it to necessary grades and sections shall be 
rolled with the use of 8 to 10 tonnes power roller. Rolling shall commence from the edges and progress 
towards centre longitudinally except on super elevated portion, it shall progress from the lower to upper edge 
parallel to the centre line of pavement. When the roller has passed over the whole area any high spots or 
depressions, which become apparent, shall be corrected by removing or adding aggregates. 

7.3. Rolling shall then be continued till the entire surface has been rolled to desired compaction 
such that there is no crushing of aggregates and all roller marks have been eliminated. Each pass of roller shall 
uniformly overlap not less than one third of the track made in the preceding pass. 

8. Application of Bitumen 

Bitumen of paving grade S-35 or S-65 supplied for the work shall be heated to temperature of 177°C to 
191°C in a bitumen boiler and temperature shall be maintained at the time of actual application. The hot 
bitumen shall be applied through a pressure sprayer on road surface uniformly at the rate of 200 kg/ 100 sqm or 
175 kg/ 100 sqm as the case may be. The road surface shall be divided into suitable rectangles marked by chalk 
so as to ensure correct rate of application of the bitumen. 

9. Key Aggregates 

On completion of bitumen application, 12 mm size key aggregate shall be spread immediately at a 
uniform rate of 1.8 cum or 1.2 cum per 100 sqm. Brooms shall be used to ensure even distribution of key 
aggregate. 

10. Final Compaction 

Immediately after spraying of bitumen and spreading of key aggregates, the surface shall be rolled with 
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a power roller to obtain full compaction and to force the blindage of key aggregates into the interstices of the 
coarse aggregate. The rolling shall continue till the asphalt surface hardens and key aggregates stop moving 
under power roller. 

11. Surface Finish and Quality Control 

The surface finish shall conform to the requirements of Clause 902 of Specifications for Road and 
Bridge Works of MoRT&H and as detailed in Chapter 10. 

12. Items to Include 

(i) Diversions unless separately provided in the tender. 

(ii) Preparing the road surface. 

(iii) Applying tack coat on existing B.T. or Picking the existing W.B.M. surface. 

(iv) Supplying spreading and compaction of 40 mm size aggregates. 

(v) Supplying, heating and spraying bitumen. 

(vi) Supplying, spreading and compaction of 1 2 mm size chips. 

(vii) All labour, materials, including bitumen and aggregates use of tools, plants and equipment for completing the item 
satisfactory. 



SI 
No. 


Test 


Frequency 


1. 


Quality of binder 


Two samples per lot to be subjected to all or some test as directed by the 
Engineer. 


2. 


Aggregate Impact Value 


One test per 200 cum of aggregate 


3. 


Flakiness Index and 
Elongation Index 


One test per 200 cum of aggregate 


4. 


Stripping value 


Initially one set of three representative specimens for each source of supply 
subsequently when warranted by changes in the quality of aggregate. 


5. 


Water absorption of 
Aggregates 


Initially one set of three representative specimens for each source of supply 
subsequently when warranted by changes in the quality of aggregates. 


6. 


Aggregate grading 


One test per 1 00 cum of aggregates. 


7. 


Temperature of binder at 
application 


At regular close intervals. 


8. 


Rate of spread of binder 


One test per 500 sqm of area. 
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Appendix-8.5 

Mixing, Transportation and Laying of Hot Mixed Bituminous Materials 

Hot mixed bituminous materials shall be made with following methods and precautions: 

(1) Premixed bituminous materials which includes bituminous macadam, open graded premix carpet 
and closely graded premix carpet shall be prepared in a hot mix plant of adequate capacity capable 
of yielding a mix of uniform quality with respect to grading and binder content. The difference in 
temperature of bitumen and aggregate shall not exceed 14°C. The temperature of binder shall not 
exceed 175°C in any case. 

(li) A batch type or continuous type or a spot mixer may be used for preparation of mix as decided by 
Engineer-in-Charge. If a continuous mixing plants to be used for mixing, contractor must 
demonstrated by laboratory analysis that cold feed combined grading is within permissible grading 
limits and binder content is in compliance to job mix formula. The maximum permitted variations 
in binder content of mix is 0.3 per cent. 

(iii) The surface shall be cleaned of all loose and extraneous matter by a mechanical broom or any other 
means like high-pressure air jet etc. Laying of bituminous mixture shall not be carried out when air 
temperature is below 10°C or the wind blowing exceeding 40 km/hr. 

(iv) Excluding the areas, where mechanical paver can not access, bituminous material shall be spread, 
levelled and tamped by self propelled paver finisher. The rate of delivery of material to the paver 
shall be regulated to enable paver to run continuously without any break in paving process. The 
hand paving of premixed material shall be permitted in following circumstances. 

Small laying area 

Patch work and paving of footpaths 

Locations where it is impractical for a paver to operate 

(v) Compaction shall be completed before the temperature falls below the minimum specified rolling 
temperature, i.e., 100°C. The initial and breakdown rolling shall be done with 8-10 tonne dead 
weight smooth wheeled rollers followed by intermediate rolling with the same roller or a vibratory 
roller. The final rolling shall be done with a light roller smooth wheeled tandem roller. The roller 
shall first compact materials adjacent to joints then lower to upper side of layer, over lapping on 
successive passes by at least one third of the width of the rear roll. In case of rolling in super 
elevated and uni-directional camber, the rolling shall progress from lower to upper edge after the 
edge has been rolled. 

(vi) The minimum thickness of material laid in each paver pass shall be maintained in accordance with 
minimum value given in the specifications. When laying of wearing course approaches an expansion 
joint, machine laying shall be stopped 300 mm before start of the joint. The pavement area upto 
joint and beyond it shall be hand paved. 

(vii) During the period of construction, arrangements for traffic shall be made in accordance with provisions 
of Clause 1 12 of the MoRT&H of the Specifications for Road and Bridge Works. 
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Appendix-8.6 

Design of Surface Dressing (Typical Example) 

(i) Properties of ingredients 

• Properties of aggregates are as follows: 

(a) Flakiness Index - 30 per cent 

(b) Medium size - Passing 50 per cent through 9.5 mm sieve 

• Characteristics of site 

(a) Traffic 150CVPD 

(b) Type of chipping Flaky 

(c) Existing surface Average 

(d) Climate Temperate 

(ii) Calculations of Average Least Dimension 

Read Average Least Dimension (ALD) from Fig. 8.1, considering medium size of aggregate 
which is 9.5 mm where Flakiness Index is 30 per cent in the present case. 
Join 9.5 mm from line (Line A, Fig. 8.1) with 30 per cent of Flakiness Index (Line C, Fig. 8.1), 
the value of ALD is estimated 6.5 from line B (Fig. 8.1). 

• The sum of factors for site are calculated as under. 



(a) 


Item 


Description 


Factor 


(b) 


Traffic 


150CVPD 


+ 1 


(c) 


Type of Chipping 


Flaky 


_2 


(d) 


Existing Surface 


Average 


-1 


(e) 


Climate 


Temperate 


0 


(0 


Sum of Factors 




-2 



• The design binder and chipping application rate are determined by summing the four factors 
and entering the value in the Fig. 8.2. The intersection point of ALD and the factor line (of -2) 
gives the design rate of spread of binder (bottom scale) which comes to be 0.82 litre/sqm. 

• The intersection point of the ALD and the 1 ine AB (Fig. 8.2) gives the application rate for the 
chipping, which comes to be 9 kg/sqm (top scale) 



219 



IRC:SP:20-2002 



Appendix-8. 7 

Mixing, Transportation and Laying of Cold Mixed Bituminous Materials 

Cold mixed bituminous materials shall be made with following methods and precautions: 

(1) Premixing of cold mixed bituminous material can be undertaken in concrete mix plants as per 
IS: 543 5 (Part-I). The mixing plant may be either batch or drum mix plant. On batch plant, the pug 
mill mixing chamber should be vented to allow for steam to escape. The discharge end of the bitumen 
emulsion circulating pipe should be kept below the surface of emulsion in storage tank to prevent 
foaming. The temperature of emulsion should be above 30°C and will never reach above 100°C. 
The manual mixing may be undertaken in case of small works in rare cases. 

If a concrete mixer is used, 0.135 cum of aggregate per batch conforming to specifications shall be 
used. First coarse aggregate shall be placed into mixer followed by required quality of cationic 
bitumen emulsion, then fine aggregate and remaining quantity of emulsion. After material has been 
mixed thoroughly, it will be transported to the laying site in tippers. The cold premixed material 
shall be spread within 10 minutes of applying tack coat and levelling and raking shall be completed 
within 20 minutes. The mix shall be spread to desired thickness, grade and camber. 

(li) The rolling shall start immediately after laying cold mixed material using smooth wheeled tandem 
roller of 8-10 tonne as listed in Appendix-8.2. Vibratory rolling of open graded cold mix is not 
recommended because fracture of aggregate and bitumen bond may occur. A light blotter of coarse 
sand may be applied to permit rolling with a pneumatic tired roller. The blotting prevents pickup 
and damage of surface by traffic. 

The other precautions under cold mix construction are as under: 

• If rain occurs before the mix is cured, traffic should be kept off. 

• Water content should not be more than designed. 

Over mixing should be avoided to prevent pre-mature breaking of emulsion. The reasonable mixing 
time is one to two minutes. 

Sealing of open graded surface should be done after a reasonable gap. 
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USE OF WASTE MATERIALS 

9.1. Introduction 

Conventionally road pavements are constructed using aggregates and binder. The usual binder adopted 
in road works is bitumen. Aggregates form major portion of the total volume of pavement structure and is the 
primary mineral material used in road construction. Large volumes of aggregates are consumed by the road 
building programme and similar quantities are used in maintenance works. It is estimated that construction of 
one cubic metre of Water Bound Macadam (WBM) involves use of about 1 .2 to 1 .4 cubic metre of aggregates, 
and laying of bituminous pavements involve even higher quantities. The extraction of aggregates from natural 
outcrop of rocks results into loss of forest lands, noise, dust, blasting vibrations, pollution hazards, etc. Such 
environmental impacts are causing concern in many parts of the country. Unplanned exploitation of natural 
rock mass may sometimes lead to landslides of weak and steep hill slopes. 

In addition to aggregates and binder, enormous quantities of soil is also required for construction of road 
embankments and approaches of bridges. Loss of precious topsoil in this process renders agricultural lands 
infertile. R&D studies and successful field demonstration projects have proved that waste materials like fly ash, 
iron and steel industry slags, municipal waste, rice husk ash, marble slurry dust, recycled concrete, etc. can be 
used for construction of roads. While using such materials, the construction procedure would be broadly similar 
to construction of roads using conventional materials 

9.2. Fly Ash for Road Construction 

Due to industrialisation and rapid economic growth, demand for electricity has risen tremendously. To 
meet this demand a number of coal based thermal power plants have been set up in the country. At present, 
thermal power plants produce about 95 million tonnes of fly ash per annum. When pulverised coal is burnt in 
the furnace of the power stations, about 80 per cent of the ash produced is very fine in nature. This part gets 
carried along with flue gases and is collected by using either electro-static precipitator or cyclone precipitator. 
The ash collected from such precipitators is called fly ash. The remaining ash sinters and falls down at the 
bottom of the furnace. This is known as bottom ash. Fly ash may be disposed in dry form (in ash mounds) where 
as the bottom ash is disposed through water slurry in a pond. When fly ash and bottom ash are mixed and 
disposed in the form of water slurry to ash ponds, it is called pond ash. For the purpose of these guidelines the 
term 'fly ash' generally denotes any type of coal ash unless specifically mentioned. 

Fly ash is causing environmental pollution, creating health hazards and requires large areas of precious 
land for disposal. Due to increasing concern for environmental protection and growing awareness of the ill 
effects of pollution, disposal of ash generated at thermal power plants has become an urgent and challenging 
task. 

The properties of fly ash depend upon type of coal, pulverisation and combustion techniques, collection 
and disposal systems, etc. Ash collected from the same ash pond may exhibit different physical and engineering 
properties depending on the point of collection, depth, etc. Obviously ash from two different thermal power 
plants can be expected to have different properties. These factors can be easily taken care during characterisation, 
design and quality control operations. Fly ash possesses several desirable characteristics such as lightweight, 
ease of compaction, faster rate of consolidation, better drainage, etc. In comparison to soil, spreading and 
compaction of fly ash can be started much earlier after a rainfall. For construction of embankments over weak 
subsoil fly ash could be a preferred material. The present manual has been formulated to help executing agencies 
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to take up rural road works using fly ash. List of thermal power stations is placed in Appendix-9.1 and map 
showing location of thermal power plants is given at Fig. 9.1 . Further, it may be noted that the Government of 
India in a Gazette Notification dated 14.9.1999, has instructed all the thermal power stations to make ash 
available for such purposes, free of cost for a period of ten years from the date of notification. 

93, Design and Construction of Fly Ash Embankments 

9.3.1. Design considerations : The design of fly ash embankments is similar to design ot soil 
embankments. Fly ash embankments of height upto 3 m can be constructed adopting a side slope of 1:1.5 
(V:H). A flatter slope of 1 :2 may be adopted at places where weak subsoil conditions exist or the embankment is 
constructed in flood prone areas. Regardless of the height of the embankment, fly ash embankments should always 
be constructed with soil cover. For construction of embankments of height more than 3 m, the design process for 
embankments involves the following steps: 

• Site investigations 

• Characterisation of materials 

• Detailed design 

In case of high embankment construction, the site investigations are carried out as per IRC:75. The 
design of embankment is an iterative process. It involves developing conceptual plans, which satisfy site needs, 
design requirements pertaining to slope stability, bearing capacity, settlement and drainage. The conceptual 
designs are based on the engineering properties of fly ash and specific site conditions. The design includes 
analysis for establishing structural features of the embankment at the selected site. Special emphasis is required 
with respect to provision of earth cover for fly ash embankments. The thickness of earth cover on the side slope 
would be typically in the range of 1 to 3 m which is governed by the height of the embankment and the side 
slope. For embankment upto 3 m height, in general, the earth cover thickness of about 1 m (measured horizontally) 
would be sufficient. The cover thickness may be increased for high embankments and embankments to be constructed 
in flood prone areas. The side cover should be regarded as a part of embankment for design analysis. 

The embankment would, therefore, be designed as a composite structure with fly^ ash in the core and 
earth cover on the sides. The software for stability analysis of high embankments available with the Indian 
Roads Congress, approved by Ministry of Road Transport & Highways (MoRT&H), Government of India, can 
be used for design of fly ash embankments. 

It is recommended that the factor of safety for embankments constructed using fly ash should not be less 
than 1.25 under normal serviceability conditions and should not be less than 1.0 when checked for worst 
combination under seismic and saturated conditions. 

Intermediate soil layers are often provided in the fly ash, embankment of height more than 3 m, for ease 
of construction, to facilitate compaction and to provide adequate confinement. Such layers also minimise 
liquefaction potential. The compacted thickness of intermediate soil layer should not exceed 200 mm. One or 
more intermediate layers can be provided depending upon the design requirements. The vertical distance between 
such layers may vary from 1 .5 to 3 m. The top 0.5 m of embankment should be constructed using selected earth 
to form the subgrade for the road pavement. Typical cross-sections of fly ash embankment with and without 
intermediate soil layers are shown in Figs. 9.2 and 9.3 respectively. 

9.3.2. Materials for construction : The physical and engineering properties of the materials to be 
used in construction, fly ash and soil should be characterised to assess suitability of material and to obtain 

design parameters. 
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Fly ash 




Ground Level 



Fig. 9.2. Typical Cross-Section of Embankment with Alternate Layers of Flv Ash and Soil 



Granular Layer 




I Ground Level 



Fig. 9.3. Typical Cross-Section of Embankment with Core of Fly Ash 

9.3.2.1. Fly ash : The following information on the fly ash should be made available for engineer's 
approval before commencement of compaction: 

(i) Particle size analysis of the material as per wet sieve analysis [IS:2720 (Part 4)- 1 985] 

(ii) The maximum dry density (MDD) and optimum moisture content (OMC) as per modified proctor test, and the graph of 
density plotted against moisture content [IS:2720 (Part 8 )- 1 983)] 

Once the Engineer has approved the above information, it shall form the basis for compaction. The 
density of fly ash is in general considerably lower than density of soils. So, unlike soils, fly ash with low MDD 
value should not be rejected for using it as a fill material. 

To determine engineering properties of fly ash, tests should be carried out in accordance with the procedures 
laid down in IS:2720 (Method of Tests for Soils-relevant parts). 

Shear strength parameters, for evaluation of the stability of proposed slopes and the bearing capacity of foundations 
located on the fill. 

Compressibility characteristics, for predicting the magnitude and duration of the fill settlement. 
Permeability and capillary characteristics to assess seepage and to design drainage systems. 
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The design analysis of an engineered fill or embankment requires the shear sucngth of fill material to be 
determined. This is accomplished in the laboratory by conducting triaxial shear or direct shear test. Shear 
strength is affected by the density and moisture content of the specimen. To determine shear strength parameters 
'c and (p\ laboratory shear strength tests should be conducted on samples compacted to densities equivalent to 
those expected to be attained in the field. Fly ash gets consolidated at a faster rate and primary consolidation is 
completed very quickly. So it has low compressibility and shows negligible post construction settlements. 
Liquefaction generally occurs when fly ash is deposited under loose saturated condition during construction. 
There is very little possibility of liquefaction to occur, when fly ash is used in embankment construction, as the 
material is compacted to maximum dry density at optimum moisture content, i.e., under partially saturated 
condition. In regions of moderate to high seismic activity, analysis of embankment stability should consider liquefaction 
potential of the ash fill. To avoid the possibility of any liquefaction to occur, the following precautions may be taken: 

• Proper compaction of the fill material as per specifications 

Lowering of high water table by providing suitable drains or capillary cutoff layer. 
By sandwiching ash between intermediate horizontal soil layers 



Typical values for different geotechnical properties of fly ash acceptable for embankment construction 
are given m Table 9.1. 

Table 9.1. Typical Geotechnical Properties of Fly Ash 



Parameter 


Normal Range 


Specific Gravity 


1.90-2.55 


Plasticity 


Non-Plastic 


Maximum Dry Density (g/cc) 


0.9- 1.60 


Optimum Moisture Content ( per cent) 


38.0-18.0 


Cohesion (kN/m 2 ) 


Negligible 


Angle of Internal Friction (cp) 


30°- 40° 


Coefficient of Consolidation C % (cm 2 /s) 


1.7 x 10- 5 -2.0x 10- 3 


Compression Index C, 


0.05-0.40 


Permeability (cm/s) 


8 x lO 6 - 7 x 10- 4 


Particle Size Distribution ( per cent of materials) 




Clay size fraction (Less than 0.002 mm) 


1 - 10 


Silt size fraction (0.075 to 0.002 mm) 


8-85 


Sand size traction (4 75 to 0.075 mm) 


7-90 


Gravel size fraction (80 to 4.75 mm) 


0-10 


Coefficient of Uniformity 


3-11 



The chemical characteristics of fly ash, which need to be evaluated, are pozzolanic property, leachability 
and self-hardening characteristics. The pozzolanic property of fly ash would be of importance if stabilisers like 
lime are used. Self-hardening property of bituminous coal ashes is insignificant. Fly ash to be used as fill 
material should not have soluble sulphate (expressed as S0 3 ) content exceeding 1.9 g per litre when tested 
according to BS: 1377-1975 Test 10 but using a 2:1 water-soil ratio. Otherwise it shall not be deposited within 
500 mm (or other distance prescribed by the engineer) of concrete, cement bound materials and other cementitious 
material or metallic surface forming part of permanent works. Generally Indian fly ashes are found to be safer 
on this parameter. 

The primary environmental concern regarding use of fly ash for embankments would be contamination 
of ground and surface water due to heavy metal leaching. But it may be noted that most fly ashes are relatively 
inert. Moreover, coal used in Indian thermal power plants have high ash content. As a result, enrichment of 
heavy metals is lower compared to fly ash produced by thermal power plants abroad. Studies have shown that 
even though constituents in fly ash particle may dissolve initially but retention by weathered fly ash residues 
reduces the possibility of their migration into ground water. 
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The leaching problem can be minimised by controlling the amount of water, which infiltrates into fly ash 
embankment. Normally percolation of water into the fly ash core will be minimum when sides and top are 
protected using good earth. Further by providing impervious wearing course to the pavement constructed over 
the embankment seepage can be minimised. Side slopes should be properly benched and protected using soil 
cover with vegetation or soil cover with stone pitching. Monitoring of fly ash embankments has indicated that 
relatively little water tends to percolate through the complete embankment. Even in such a case, the alkaline 
nature of the fly ash-water solution restricts heavy metal leaching. 

9.3.2.2. Earth cover : The fly ash embankments should be covered on the sides and top by soil to 
prevent erosion of fly ash. Good earth suitable for embankment construction can be adopted as cover material 
for fly ash embankments. Gravel may be used to construct granular cut-off at the bottom. The soil used for 
cover should have maximum dry density more than 1 .52 g/cc when height of embankment is upto 3 m and in 
areas not subjected to extensive flooding, otherwise the maximum dry density of cover soil should not be less 
than 1.60 g/cc when tested according to IS:2720 (Part 8)- 1983 . Subgrade/earthen shoulder material should 
have minimum compacted dry density of 1.75 g/cc when tested according to IS:2720 (Part 8)- 1 983. Plasticity 
index of cover soil should be between 5 to 9 per cent when tested according to IS:2720 (Part 5)- 1985. Chemical 
analysis or determination of deleterious constituents would be necessary in salt-mfested areas or when presence 
of salts is suspected in the borrow material. Expansive soils should not be used for construction of cover, unless 
it is properly stabilised using lime. 

9.3.3. Construction of fly ash embankments 

9.3.3.1. Clearing and grubbing : This work consists of cutting, removing and disposal of trees, bushes, 
shrubs, roots, grass, rubbish, etc., from the alignment and within the area of road land which will accommodate 
road embankment, drains, and such other areas as specified on the drawings. During clearing and grubbing, the 
contractor shall take adequate precautions against soil erosion, water pollution, etc. All trees, stumps, etc. 
falling within fill area should be cut to at least 500 mm below ground level and pits shall be filled with suitable 
material and compacted thoroughly so as to make the surface at these points conform to the surrounding area. 

9.3.3.2. Stripping and storing of top soil : When constructing embankment using fly ash, the top soil 
from all areas to be covered by the embankment foundation should be stripped to specified depth not exceeding 
150 mm and stored in stock piles of height not exceeding 2 m, for use in covering the fly ash embankment 
slopes, cut slopes and other disturbed areas where re-vegetation is desired. Topsoil should not be unnecessarily 
trafficked either before stripping or when in stockpiles. Also, these stockpiles shall not be surcharged or otherwise 
loaded and multiple handling should be kept to minimum. 

9.3.3.3. Setting out : After the site has been cleared, the limits of embankment should be set out true to 
lines, curves, slopes, grades and sections as shown on the drawings of the project. The limits of the embankment 
should be marked by fixing batter pegs on both sides at regular intervals as guides before commencing the 
construction. The embankment should be built sufficiently wider than the design dimensions so that surplus 
material may be trimmed, ensuring that the remaining material is of the desired density and in position specified, 
and conforms to the specified slopes. Bench marks and other stakes should be maintained as long as they are 
required for the work in the opinion of the engineer. 

9.3.3.4. Compacting the ground supporting embankment : Where necessary, the original ground 
should be levelled, scarified, mixed with water and then compacted by rolling so as to achieve minimum 97 per 
cent of MDD determined as per IS:2720 (Part 7) for the foundation soil. At locations where water table is high 
and the soil has potential for rapid and relatively great migration of moisture by capillarity, a granular layer or 
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impervious membrane (geomembrane) shall be laid so that moisture is not able to rise to the subgrade level. 
Sand blanket of adequate thickness over full width of embankment can be adopted as an effective capillary cut 
off. Medium grained sand can be used for this purpose. This will provide a working platform for the construction 
of fly ash fill and function as capillary cut-off. Drainage blanket can be nominally compacted with or without 
vibration. Bottom ash can also be used for construction of drainage blanket. Its gram size distribution is generally 
compatible with the gram size distribution of medium grained sand. 

9.3.3.5. Handling fly ash : Fly ash being a very fine material gets air borne easily and causes dust 
nuisance if not properly handled. Dust at a construction site may be a safety hazard. It may also lead to 
environmental pollution, public resentment and damage to internal combustion engine of the construction 
equipment besides being a health hazard to workers. To avoid this, fly ash from hoppers or silos must be 
conditioned with water at power plant to prevent dusting enroute. Fly ash is typically delivered to the site in 
covered dump truck to minimise loss of moisture and dusting. On the other hand, pond ash generally contains 
enough moisture to prevent dusting, and may even contain excess moisture to create road spillage during 
transport. In such cases, periodic inspections and lifting of ash from relatively dry areas of the pond would be 
needed. 

Fly ash may require on site temporary stockpiling if the rate at which the ash is supplied to the project 
site is more than the contractors demand for an efficient rate of placement. Such cases should be avoided to the 
extent possible, and in case stockpiling at site is inevitable, adequate precautions should be taken to prevent 
dusting by spraying water on stockpiles at regular intervals. Otherwise, the surface of the fly ash stockpile may 
be covered with tarpaulins or a thin layer of soil or other granular material not subject to dusting. Traffic 
movements may be restricted to those areas which are kept moist, to prevent dispersing ash into air by tyres of 
passing vehicles. 

9.3.3.6. Spreading and compaction : The side soil cover, of required width shall be provided along 
with the core and mechanically compacted as the embankment progresses upwards. The addition of side cover 
subsequent to the construction of the core is prohibited. The fill material should preferably be spread by 
mechanical means. Manual spreading may be permitted by the Engineer-in-Charge if the quantum of work is 
less. The most efficient lift thickness is a function of roller weight and vibratory energy. Smaller vibratory 
rollers with dead weights of 10 to 15 kN perform well on loose layer thickness of the order of 100-150 mm. 
Medium weight vibratory rollers with dead weights in the range 60-100 kN, provide satisfactory compaction 
for loose layer thickness of about 250 mm. When vibratory roller of dead weight 80-100 kN are used, loose 
layer thickness upto 400 mm can be adopted if site trials show satisfactory compaction. When compaction is 
carried out using only static roller of 80-100 kN weight, loose layer thickness shall not exceed 200 mm. The 
cover soil and fly ash should be laid simultaneously before compaction, to ensure confinement of fly ash. Clods 
in cover soil shall be broken to have a maximum size of 50 mm. 

Moisture content of the fill material shall be checked at the site of placement prior to commencement of 
compaction. Moisture content of fly ash laid for compaction shall normally vary from OMC (determined as per 
IS:2720-1983 (Part 8) to OMC + 2 per cent. The moisture content limits can be varied by the Engineer-in- 
Charge, depending on the weather conditions, provided specified compaction is achieved as revealed through 
actual site trials. It may be noted that grain shape and particle size of fly ash make the upper layers difficult to 
compact. At moisture contents higher than the appropriate range, fly ash may liquefy and would be difficult to 
handle and compact. Moisture content of cover soil shall be maintained at its OMC. Where water is required to 
be added to the fill material, it shall be sprinkled from a water tanker fitted with a sprinkler capable of applying 
water uniformly without any flooding The water shall be mixed thoroughly by blading, discing or harrowing 
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or by manual means until uniform moisture content is obtained throughout the depth of the layer. If the material 
delivered to the construction site is too wet, it shall be dried by aeration and exposure to sun, till the moisture 
content is acceptable for compaction. 

Fly ash can be compacted using vibratory or static rollers. Regardless of the equipment used, fly ash 
must be compacted as early as possible after spreading. The contractor shall demonstrate the efficacy of the 
equipment he intends to use by carrying out compaction trials. The use of test strips to develop compaction 
method specifications (optimum compaction procedure to satisfy density requirements) for the construction of 
the embankment is advisable. 

Each layer of fly ash shall be thoroughly compacted to the specified density. When vibratory roller is 
adopted for compaction, two passes without vibration followed by 5 to 8 passes with vibration would be 
sufficient to compact each layer. The recommended mass per metre width of roller is 2300-2900 kg/m and 
frequency range 1800-2200 rpm. The construction of fly ash core and earth cover on the sides should proceed 
simultaneously. Each compacted layer shall be finished parallel to the final cross-section of the embankment. 
The end product specifications as given in Table 9.2, are suggested for construction of fly ash embankments. 



Table 9.2. Specifications for Compaction 



Minimum dry density after compaction as percentage of MDD 
IS:2720 (Part 7)-l 980. 


97 per cent 


Minimum dry density after compaction when used in bridge abutments 
for embankment length equal to 1 .5 times the height of the embankment 


1 00 per cent 



Subsequent layers shall be placed only after the finished layer has been tested for its density requirements. 
The contractor shall maintain record of all such tests. When density measurements reveal any soft areas in the 
embankment, further compaction shall be carried out as directed by the engineer. In case the specified degree 
of compaction is not achieved, the material in the soft areas shall be removed and replaced by approved material, 
moisture content brought to permissible limits and recompacted to the required density. Embankment shall be 
evenly constructed over full width and the contractor shall control and direct construction plant and other 
vehicular traffic uniformly across the width. Damage by the construction plant or other vehicular traffic shall 
be rectified by the contractor with material having the same characteristics and strength as before the damage.- 
Embankments shall be constructed with side slopes conforming to the drawings. Whenever embankment 
construction is to be taken up against the face of natural slope or sloping earthwork faces including embankments, 
cuttings, and excavations, which are steeper than 1:4 (VerticakHonzontal), such faces shall be benched 
immediately before placing the subsequent fill. A less permeable capping layer of selected earth should be 
constructed on the top of fly ash embankment, which would form the subgrade for the road pavement. The 
thickness of this layer would normally be kept equal to 500 mm. 

9.3.3.7. Finishing operations : Finishing operations shall include the work of shaping and dressing 
the shoulders/verges/roads beds and side slopes to conform to the alignment, levels, cross-sections and dimensions 
shown on the drawing or as directed by the engineer subject to the tolerance. Both upper and lower ends of side 
slopes shall be rounded off to improve appearance and to merge the embankment with the adjacent terrain. In 
case turfing is proposed, topsoil should be provided so that after seeding, a dense cover can develop. The depth 
of topsoil should be sufficient to sustain plant growth, the usual thickness being 75 to 100 mm. In order to 
provide satisfactory bond, slopes shall be roughened and moistened slightly before the application of topsoil. 
Embankments in flood prone areas should be protected by stone pitching. 



229 



IRC:SP:20-2002 



9.3.4. Quality control : Quality of compacted material shall be controlled through periodic checks 
on the compaction processor the end product, singly or in combination as directed. The end product must 
conform to the specifications. 

9.3.4.1. Control test on borrow material : If fly ash from more than one source is being used at the 
project site, monitoring must be done to identify the ash type being placed. The tests required to be conducted 
on fly ash to be used as borrow material for embankment are indicated below. The frequency of testing indicated 
refers to the minimum number of tests to be conducted. The rate of testing must be stepped up as found 
necessary, depending on the compaction methods employed at the project. 

Standard Proctor Compaction Test: At the rate of 2 tests per every 3000 m 3 of ash, as per IS:2720 (Part 7)-1980. 
Moisture Content: One test for every 250 m 3 of ash, as per IS:2720 (Part 2)-l 973. 

The samples collected for testing moisture content should be representative of the material being placed. 
Because fly ash may air dry relatively rapidly, samples should not be taken from the surface of the lift, but 
should represent the overall moisture content. 

9.3.4.2. Analysis and acceptance of density results : Field density of compacted ash should be checked 
as per IS:2720 (Part 28)- 1974 or IS:2720 (Part 29)- 1972 or by using a nuclear density<gauge. Regardless of the 
test procedure used, a sufficient number of tests must be conducted for the results to be representative. The 
criteria for acceptance of results shall be same as detailed in Chapter 10. 

9.4. Lime Fly Stabilised Soil 

A mixture of fly ash and soil, when stabilised using lime is called as 'Lime Fly Ash Stabilised Soil'. This 
material can be used for constructing sub-base or base course of rural roads. The use of stabilised fly ash sub- 
base/base course would be particularly attractive in locations where fly ash is easily available and supplies of 
aggregates are unavailable or expensive. It is possible to construct lime fly ash stabilised layer without admixing 
soil for sub-base layer. This would increase the utilisation of fly ash and also prevent usage of topsoil. 

9.4.1. Materials 

9.4.1.1. Fly ash : Fly ash may be either from anthracitic coal or lignitic coal. Fly ash to be used in lime 
fly ash stabilisation shall conform to the requirements given in Tables 9.3 and 9.4. 



Table 9.3. Chemical Requirements for Fly Ash as a Pozzolana 



SI. No. 


Characteristics 


Requirements for Fly Ash 


Method of 






Anthracitic 


Lignitic 


Test 






Fly ash 


Fly ash 




1. 


SiO, + A1,0 3 + Fe,0 3 in per cent by mass, Min 


70 


50 


IS: 1727 


2. 


SiO, in per cent by mass, Min 


35 


25 


IS:1727 


3. 


MgO in per cent by mass, Max 


5.0 


5.0 


IS:1727 


4. 


SO, in per cent by mass, Max 


2.75 


3.5 


IS: 1727 


5. 


Available alkalies as Na,0 in per cent by mass, Max 


1.5 


1.5 


IS:4032 


6. 


Total chlorides in per cent by mass, Max 


0.05 


0.05 


IS: 1 727 


7. 


Loss on ignition in per cent by mass, Max 


5.0 


5.0 


IS: 1727 



Table 9.4. Physical Requirements for Fly Ash as a Pozzolana 



SI. No. 


Characteristics 


Requirements 


1. 


Fineness-specific surface in m 2 /kg by Blaine's permeability test , Min. 


250 


2. 


Particles retained on 45 micron IS sieve, Max. 


40 


3. , 


Lime reactivity in N/mm 2 , Min. 


3.5 


4. 


Soundness by autoclave test- expansion of specimen in per cent, Max. 


0.8 


5. 


Soundness by Lechatelier method-expansion in mm, Max. 


10 
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Typically, the supply of fly ash for a given construction project is determined almost solely by the 
proximity of the plant to the construction site. Withm a power plant, however, fly ash to be used for stabilisation 
should preferably be obtained directly from hopper or silo where it is still relatively fresh and dry. It would be 
preferable to supply fly ash in bags. In case bagging is not possible, fly ash should be conditioned with water 
at power plants to prevent dusting during transportation. The conditioned ash when stockpiled at site should be 
sprinkled with water at regular intervals and covered with tarpaulins or stored in a covered place. If the' fly ash 
had been stockpiled for some period before use and had got partially or wholly set, it should be pulverised so 
that minimum 98 per cent of it passes 600 micron sieve and minimum 30 per cent passes 75 micron sieve. Fly 
ash may sometimes be obtained from multiple sources and often fly ash from a single source itself exhibits 
variable properties. This requires that fly ash samples from all sources should be tested. 

Ashes obtained from lagoons or ponds (pond ash) and bottom ash have reduced reactivity. Pond ash or 
bottom ash, which do not meet the requirements as per Tables 9.3 and 9.4, can also be used for stabilisation 
with lime. However in such cases a suitable percentage (usually varying from 1 5 to 25 per cent) of clayey soil should 
be mixed with pond ash or bottom ash so that, clay particles react with lime to produce cementitious compounds. 

9.4.1.2. Lime : The lime to be used for lime fly ash soil stabilisation should be quick lime, which has 
been pre-slaked at site, it should be used within 7 days. Slaked lime supplied in airtight bags should not be 
stored for more than 3 months. Only hydrated high calcium and mono hydrated dolomite limes in powdered 
form are used in lime fly ash soil stabilisation. Most of the commercially available hydrated limes are suitable 
for lime fly ash soil stabilisation. In addition, some by-product limes can also be used. Each source of lime 
should be evaluated before approval. Generally, the lime used should have a purity (available lime content) of 
not less than 70 per cent when tested according to IS: 15 14- 1990. High calcium content varieties of lime give 
higher strengths even when used in small quantities. In exceptional circumstances, if lime with minimum 70 
per cent purity is not available, the difference may be accounted for by providing proportionately higher quantity 
of lime. Since lime deteriorates with storage the purity must be checked at site before use and the required 
quantity of lime be added should be regulated accordingly. Lime when stored should be kept in airtight bags to 
prevent its carbonation and deterioration from any other cause. Besides the primary reaction between lime and 
fly ash, lime may also react chemically with the fines in the mixture resulting in base exchange, flocculation 
and aggregation of particles. The magnitude of this reaction depends on degree of fineness of clay component 
and mineralogical characteristics. 

9.4.2. Soil : Granular soils, free from high concentrations of organic matter or deleterious salts and 
sandy soils with fine silts, are better suited for lime stabilisation. Normally, soils with plasticity index between 
4 and 20 are suitable. This technique may also be applied to soils with plasticity index value more than 20, 
provided strength tests on lime fly ash soil mixes, show favourable results. The ideal proportion of particles smaller 
than 425-micron sieve size would be between 15 and 25 per cent by dry weight of the soil-lime-fly ash mixture. 

9.4.3. Water : Water used for mixing and curing should be clean and free from injurious salts, 
organic substances and other deleterious matter. Potable water is generally considered satisfactory. The 
permissible limits for solids in water should be as given in Chapter 4. 

9.4.4. Mix proportion : The mix proportions of fly ash and lime should meet the following 
requirements: 

• Provide adequate strength and durability 

• Be easily placed and compacted 

• Be economical 



231 



IRC:SP:20-2002 



To increase utilisation of fly ash, adequate attention should be paid to stabilise fly ash using lime alone 
and avoiding soil admixture. The mix shall be designed to make optimal use of fly ash. Amount of lime less 
than 2 per cent (by weight of lime + fly ash + soil) is not generally amenable to proper mixing and hence not 
recommended. Lime fly ash mixes develop strength at a slow rate. After deciding lime and fly ash content for 
trial mix, moisture density relationship should be determined in accordance with IS:2720 (Part 7)- 1983. The 
unconfmed compressive strength testing is done on samples compacted at maximum dry density and optimum 
moisture content. The mix proportion should be designed to obtain minimum unconfined compressive strength 
of 1.5 MPa after 28 days moist curing in a humidity chamber, for samples with a length to diameter ratio of 2:1. 
Curing may be carried out in the temperature range 30 to 38°C. The specimens should be compacted at optimum 
moisture content to maximum dry density for the soil-fly ash lime mix determined as per Standard Proctor 
Compaction IS:2720 (Part 7)-1983. In high rainfall areas, the mix should be designed for a minimum unconfined 
compressive strength of 0.75 MPa after 28 days moist curing in a humid chamber and 4 days soaking in water. 

The design mix should not only indicate the proportions of fly ash and stabilisers, but also mention 
quantity of water in the mix and a specified compacted density that is required to satisfy specified strength. 
When fly ash from more than one source is adopted, less reactive fly ash sample should be selected for design 
trial mixes. If the design is economically unacceptable or if it exceeds double the compressive strength of the 
weak mix, considerations must be given to eliminate the source of fly ash requiring highest stabiliser 
content. 

9.4.3. Construction Operations 

9.4.3.1. Preparation of subgrade : The subgrade over which the lime fly ash soil layer is to be laid 
should be shaped to the desired crown and checked for line, grade and cross-section. All irregularities beyond 
the permitted tolerance should be corrected. The road bed shall be prepared by light sprinkling with water to 
prevent absorption of moisture from the base course and rolled with 80-100 kN static weight smooth wheeled 
roller. Soft and yielding spots, ruts etc. if present should be rectified and backfilled with suitable material and 
rolled until firm. 

9.4.3.2. Weather limitations : Lime fly ash soil stabilisation should not be done when air temperature 
in the shade is less than 10°C. 

9.4.3.3. Mixing and laying : Lime and fly ash should preferably be mixed by weigh batching. Volume 
batching should be adopted only when unavoidable. Thorough mixing of fly ash and other materials is extremely 
important to obtain a blend that provides a uniform strength and durability for the pavement. Since soil 
stabilisation is generally done m-situ, mix-in-place techniques are more economical than central mixing. In 
mix-m-place methods, the spreading and mixing are typically sequenced operations where the lime fly ash mix 
is uniformly distributed over the surface and then blended. The mix-in-place method requires distribution of 
fly ash and lime evenly over the work area, subsequent addition of moisture and mixing with a travelling 
mixing plant. Manual mixing and laying can also be adopted in case Engineer-m-Charge permits the same. Soil 
should be free from all vegetation and other deleterious matter and pulverised to conform the requirement as 
given in Table 9.5. 

Table 9.5. Soil Pulverisation Requirements for 
Lime-Fly Ash Stabilisation 



Sieve Size 


Per cent by Weight of Soil Passing IS Sieve 


26.5 mm 
5.6 mm 


100 

80 
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Soil shall then be spread uniformly on the prepared roadbed. The thickness of uncompacted layer required 
is about 25-35 per cent more than the specified thickness determined through field trials. Lime and fly ash shall 
be spread ahead of mixing, taking care to.prevent dusting. Tractor towed rotavator developed at CRRI or any 
other similar equipment can be used for mixing. Mechanical method of mixing is found to be more convenient 
for achieving consistency than manual mixing. Mixing should be continued with successive passes until the 
required depth and uniformity of mixing has been obtained. 

This moisture content (OMC+2 per cent) is specified to compensate for the loss of moisture during 
spreading operations, moisture content of the construction mix. If it is necessary to adjust the moisture content 
of the mix, water is added uniformly and in a controlled using a sprayer. Where manual mixing is adopted, soil 
free from organic matter is scarified or brought from the identified borrow areas and pulverised using crow 
bars, pickaxes, etc., to meet the specifications given in Table 9.5. Water in requisite quantities may be sprinkled 
on soil to aid pulverisation. On the pulverised soil, lime and fly ash shall be spread uniformly and mixed 
thoroughly by working with spades or other implements to get a uniform mix. After adjusting the moisture 
content to be within the limits specified, the mixed material shall be spread upto required thickness. 

The thickness of individual compacted layer should not be less than 0. 1 m or more than 0.2 m. Thickness 
greater than 0.2 m shall be constructed in multiple layers. Before laying the second layer, compacted first layer 
shall be roughened to ensure proper bond between the layers. The width of lime fly ash base/sub-base should 
extend 0.3 m more than the width of the top layer on it. 

9.4.3.4. Rolling : Immediately after spreading, grading and levelling of the mixed material, compaction 
should be carried out with 80-100 kN static weight smooth wheel rollers or other roller approved by engineer. 
Rolling shall begin at edges and progress towards centre in straight road portion. Compaction shall continue 
until the density achieved is at least 100 per cent of the maximum dry density of the material, as per Standard 
Proctor Compaction IS:2720 (Part 7)-l 980. The suitability of a particular compaction equipment and number 
of passes required may be verified on a test strip. Ideally not more than 60 minutes should elapse between the 
start of moist mixing and start of compaction process. Care should be taken to see that compaction is completed 
within three hours of mixing or such shorter period as may be necessary during dry weather. 

9.4.3.5. Curing : Curing period, temperature and moisture maintained during the process of curing are 
important factors for the development of strength. Either of the following two curing methods may be adopted. 

Bituminous curing : A rapid curing seal coat such as a cut back or emulsion may be applied at the rate 
of 0.7 to 1.4 1/m 2 in case of scarcity of water for moistening. The sealant or curing material should be applied 
within 30 minutes of the completion of finishing operations and after the surface of the stabilised course has 
been broomed free of all loose and foreign material and sufficient water has been applied to wet the surface. 
Additional layers such as base or wearing course can be constructed soon thereafter. 

Moist curing : Curing of the compacted layer can also be done by spreading moist straw or sand and 
sprinkling water periodically. Curing shall be carried out for a minimum period of 7 days after which subsequent 
pavement layers shall be laid to prevent the surface from drying out. No traffic shall be allowed to ply during 
the curing period, unless permitted by the engineer. Curing by ponding of water is not permitted to avoid 
leaching of lime. 

9.4.3.6. Construction joint : At the end of day's work, a transverse construction joint for full depth 
should be made by chamfering at an angle of 30°. 

9.4.4. Quality control : For satisfactory performance of lime fly ash soil stabilised layer, strict 
quality control measures are essential. It is prudent to conduct periodic testing during construction to confirm 
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that the properties of fly ash being used are within the range of values anticipated during the design. For each 
consignment of lime and fly ash, testing should be done to check purity. In case of lime, available lime 
(calcium oxide) content should be determined according to IS: 1 727-1967, which should not be less than 70 per 
cent. Quality control tests and their minimum desirable frequency are as given in Table 9.6. Strict control 
should be exercised during the mix-in-place operations, with frequent checks on mixing efficiency. This can 
be done by trenching through the in-place material and inspecting the colour of the mixture. Unmixed streaks 
or layers indicate poor mixing, and the material in that area should be remixed until uniformity of colour is 
achieved. The camber, grade and thickness should be checked as outlined in Chapter 10. 

Table 9.6. Quality Control Tests for Lime Fly Ash Soil Stabilisation 



Test 


Test Method 


Minimum Desired Frequency 


Quality of lime 


JS:1514-1990 


Once initially for approval of the source of supply and later for each 
consignment of the material subject to minimum of one test per 5 tonne 
of lime 


Quality of fly ash 


IS:38 1 2 -1981 


Once initially for approval of the source of supply and later for each 
consignment of the material subject to minimum of one test per 
10,000 kg of fly ash 


Degree of pulverisation 


IS:2720(Part 4)- 1985 


Periodically as considered necessary 


Moisture content 


IS:2720 (Part 2)-l 973 


One test per 250 sqm 


Density of compacted 
layer 


1S:2720 (Part 28)-l 974 
IS:2720 (Part 29)-1972 


One test per 500 sqm 


Deleterious 
constituents 


IS:2720(Part 22)-1972 
IS:2720 (Part 27)- 1 977 


As required 



9.5. Lime Fly Ash Bound Macadam (LFBM) 

In conventional Water Bound Macadam (WBM) non-plastic or low-plasticity materials with screenings 
are used as filler for stone metal. When WBM is used in the upper layers of the road pavement or thin 
bituminous surface dressing or premix carpet is adopted as wearing course, it permits penetration of water into 
WBM. The filler being a material having very little binding property, WBM gets markedly softened upon 
being wetted. As a result, potholes are formed in the pavement under traffic, which are enlarged subsequently. 
On the other hand, filler made of a mixture of lime, fly ash and moorum in suitable proportions improves the 
performance as it has cementitious properties and does not soften in presence of water. Load bearing capacity 
of lime fly ash bound macadam (LFBM) will be superior to that of conventional WBM. WBM constructed 
with lime-fly ash-moorum as filler would have longer life and better serviceability in the areas of heavy 
rainfall (annual rains fall greater than 1000 mm). 

9.5.1. Materials 

9.5.1.1. Coarse aggregates : Coarse aggregates shall be either crushed or broken stone, naturally 
occurring aggregates such as kankar or laterite of good quality. Kankar shall be tough, having a blue almost 
opalescent fracture. It shall not contain any clay in the cavities. Laterite shall be hard, compact, heavy and of 
dark colour. The coarse aggregates shall conform to strength requirements as given in Chapter 4. The aggregates 
should be free from deleterious organic or chemical substances that may interfere with the chemical reaction. 
Coarse aggregates shall conform to one of the grading given in Chapter 4. 

9.5.1.2. Filler : The filler used shall be a mixture of fly ash, lime and moorum. Instead of moorum, 
sand or soil may also be used. Soil/moorum used as filler shall have plasticity index between 4 to 6. The fly ash 
should be collected dry from hopper or silos and conform to requirements of the Section 9.4.1.1, Lime to be 
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used should conform to the requirements of the Section 9.4. 1 .2. The typical proportion of dry lime, fly ash and 
moorum or sand or soil can be 1:2:9 (by weight). 

9.5.1.3. Screenings : The grading of screenings shall be within the limits gi ven in Table 4.10, Chapter 4. 
9.5.2. Construction procedure 

9.5.2.1. Preparation of foundation for laying LFBM : Requirements of Section 9.4.3.1 shall apply 
when LFBM course is being laid on soil subgrade. When LFBM is to be laid on an existing unsurfaced road, 
the surface shall be scarified and reshaped to the required grade and camber as necessary. Weak places shall be 
strengthened, corrugations removed and depressions/potholes filled with suitable materials before spreading 
the coarse aggregates for LFBM. In case of black topped roads, the existing black top shall be removed, before 
laying LFBM. In all cases, the foundation shall be kept well drained during the construction operations. 

9.5.2.2. Weather limitations : Requirements of Section 9.4.3.2 shall apply. 

9.5.23. Provision of lateral confinement to aggregates : Before starting with LFBM construction, 
necessary arrangements shall be made for the lateral confinement of aggregates. One method is to construct 
side shoulders in advance to a thickness corresponding to the compacted thickness of the LFBM course. After 
shoulders are ready, their inside edges may be trimmed vertical and the included area cleaned of all spilled 
material, thereby, setting the stage for spreading of coarse aggregates. In the second method, side supporters 
are to be provided during construction operations to confine the LFBM. 

9.5.2.4. Spreading coarse aggregates : The coarse aggregates shall be spread uniformly and evenly 
upon the prepared base in the required quantities from stockpiles or along the side of the road or directly from 
the vehicle. In no case these shall be dumped in heaps directly on the area where LFBM is to be laid. They 
shall be spread to proper profile by using templates placed across the road about 6 m apart. No segregation of 
large and fine particles shall be allowed. The coarse aggregates, as spread, shall be of specified gradation with 
no pockets of fine materials. The coarse aggregate shall not be normally spread in lengths exceeding the three 
days average work. 

9.5.2.5. Rolling : After laying the coarse aggregates, they shall be compacted to full width by rolling 
with either smooth wheeled static roller of 80 to 100 kN capacity or an equivalent vibratory roller. The rolling 
shall begin from the edge so that edge portion is firmly compacted. The roller shall then progress gradually 
from edges to the centre, parallel to the centre line of the road and overlapping uniformly each preceding rear 
wheel track by one half width and shall continue until the entire area of the course has been rolled by the rear 
wheel. Rolling shall continue until the road metal is thoroughly keyed and creeping of the stone metal ahead of 
the roller is no longer visible. Slight sprinkling of water may be done, if required. On superelevated portions of 
the road, rolling shall begin from the lower edge and progress gradually towards the upper edge of the pavement. 
Rolling shall not be done when subgrade is soft to yielding or when it causes a wavy motion in the base course 
or subgrade. If irregularities, which exceed 12 mm (when tested using a 3 m straight edge), develop during 
rolling, the surface shall be loosened and aggregates added or removed as required, before rolling again to 
achieve a uniform surface conforming to the desired cross-section and grade. The surface shall also be checked 
transversely by template for camber, and irregularities, if any, are corrected in the manner described above. In 
no case, the use of screenings shall be permitted to make up depressions. 

9.5.2.6. Application of screening material : After the coarse aggregates have been compacted, 
screening material shall be applied gradually over the surface. The screenings shall be applied at a slow and 
uniform rate so as to ensure filling of all voids. This shall be accompanied by dry rolling and brooming. After 
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the screenings have been applied, the surface shall be copiously sprinkled with water, swept and rolled. 

9.5.2.7. Application of filler material : After coarse aggregates have been rolled, filler shall be applied 
gradually over the surface to fill the interstices. The filler material has to be prepared by proper blending of the 
dry constituent materials, namely lime, fly ash and sand or moorum or soil in suitable proportions just before 
use. The required amount of filler material is spread uniformly over the stone metal surface. Enough quantity 
of water is then added while rolling so that the slurry penetrates into voids taking care that the water used is not 
as profuse as in normal WBM. 

9.5.2.8. Setting and drying : After final compaction of the layer, the LFBM layer shall be allowed to 
cure for 7 days (moist). Hungry spots shall be filled with screenings or binding material, lightly sprinkled with 
water if necessary, and rolled. Only light motor vehicles should be allowed during the curing period. In case the 
LFBM course is to be provided with bituminous surfacing, the latter course shall be laid only after LFBM 
course is completely dried after curing and before allowing any traffic. 

9.5.2.9. Plying of construction traffic : In general construction traffic may ply over completed portion 
of LFBM course provided vehicles move over its full width avoiding any rutting or uneven compaction. However, 
the Engmeer-in-Charge shall have full authority to stop the passage of traffic when in his opinion this is leading 
to excessive damage. 

9.5.3. Quality control : The surface evenness of completed LFBM course in longitudinal and 
transverse directions, measured with a 3 m straight edge shall be within the tolerance indicated below: 

9.53.1. Grading I 

Maximum permissible undulations in longitudinal profile- 1 5 mm. 

Maximum number of undulations exceeding 1 2 mm permitted in any 300 m stretch-30. 

Maximum permissible variation from specified profile under a camber template- 12 mm. 

9.53.2. Grading II and HI 

Maximum permissible undulations in longitudinal profile-12 mm. 

Maximum number of undulations exceeding 1 0 mm permitted in any 300 m stretch - 30. 

Maximum permissible variation from specified profile under a camber template - 8 mm. 

The longitudinal profile shall be checked at the middle of each traffic lane along a line parallel to the 
centre line of the road. The transverse profile shall be checked with a series of three camber boards at intervals 
of 10 m. Quality control tests on materials shall be carried out according to Table 9.7. 



Table 9.7. Quality Control Tests for Lime Fly Ash Bound Macadam 



SI. No. 


Test 


Test Method 


Minimum Desired Frequency 


1. 
2. 


Quality of lime 
Quality of fly ash 


IS: 1514-1990 
IS:3812-1981 


Once initially for approval of the source of suppiy and later for each consignment 
of trie material subject to minimum of one test per 5 tonne of lime. 

Once initially for selection of the source of supply and later for each lot of 
10,000 kg 


3. 


Los Angeles 
Abrasion value 
on aggregates/ 
Aggregate Impact 
Value test 


IS:2386 
(Part 4)- 1963 


One test per 250 cum. 


4. 


Grading of 
aggregates and 
screening 


IS:2386 
(Part 1)-1963 


Two tests per 250 cum. 
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9.6. Lime Fly Ash Concrete 

Lime fly ash concrete is resistant to softening under water action and can serve as a good 
working platform on soft foundations. Hence, a lesser thickness of this material can replace water 
bound macadam layer. It is particularly suitable for heavy rainfall regions, black cotton soil areas and 
places where good quality aggregates are not easily available. The stiff lime fly ash concrete layers distribute 
the load over large areas of subgrade, by slab action, reducing the low vertical stresses transmitted to the 
subgrade. 

9.6.1. Materials 

9.6.1.1. Lime : Lime to be used, storage and handling shall comply with Section 9.4.1.2. 

9.6.1.2. Fly ash : Fly ash to be used, supply and storage shall conform to section 9.4. 1.1. The moisture 
content of conditioned fly ash should be determined and accounted for while preparing the lime fly ash 
concrete mix. 

9.6.13. Aggregates : The aggregate may be either stone, gravel, slag or brickbats, crushed or 
uncrushed, or any combination thereof. Coarse aggregates may be either conforming to IS:383-1970 (natural 
stone aggregates) or broken bricks conforming lo IS:3068-1986. The maximum size of aggregate normally 
used is 40 mm. Chances of segregation increases, if maximum size of aggregate exceeds 20 mm. A wide range 
of aggregate gradation is permitted. Coarse and fine aggregates should be combined in such a way that it 
should meet any one of the gradation limits given in Table 9.8, and aggregates should be selected in such a way 
that, the lime fly ash concrete should give a minimum compressive strength of 4.0 MPa at 28 days in the field. 
In addition to the fine aggregates, supplementary fly ash may be used as a mineral filler to provide desired fines 
content. The portion of the aggregate material passing 425 microns shall have a liquid limit less than 25 and 
plasticity index less than 6. Aggregates are typically stored in piles according to gradation and the area must be 
free draining and also free from deleterious matter. 



Table 9.8. Aggregate Gradation for Lime-Fly Ash Concrete 



Sieve 

Designations 


Percentage by Weight Passing 


Grading A 


Grading B 


, Grading C 


45 mm 


100 


100 


100 


26.5 mm 


55-85 


70-95 


100 


19 mm 


50-80 


55-85 


70-100 


4.75 mm 


40-60 


40-60 


40-65 


425 micron 


10-30 


10-30 


15-30 


75 micron 


5-15 


5-15 


5-15 



9.6.1.4. Water : Water used for lime fly ash concrete works should conform Section 9.4. 1 .4. 

9.6.2. Proportioning of lime fly ash concrete : To act as a semi-rigid pavement layer, lime fly ash 
concrete should be designed with zero slump, as compaction in the field is done by rollers. The mix proportions 
are designed by trial and error method. As a rough guide, to achieve 28 days compressive strength of 4.0 to 6.0 
MPa, the approximate total aggregate/binder (lime+fly ash) ratio would be between 2.5 and 3.5 (by weight) 
with about 10-11 per cent of water content by weight of dry material when crushed stone is used as coarse 
aggregate. Generally, the lime fly ash content of a mixture ranges from 10 to 30 per cent, with lime to fly ash 
ratios being 1 :2 to 1 :4. Particulars for a few lime fly ash concrete mixes designed with fly ash of lime reactivity 
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4.0-5.0 MPa, lime of 60 per cent purity, good quality crushed stones (20 mm nominal size) and medium coarse 
sand are presented in Table 9.9. While selecting the trial mix, allowance should be made for type of aggregate, 
quality of fly ash, maximum size of aggregate, etc. For ensuring 28 days field strength of 4.0-6.0 MPa, 
laboratory mix should be designed at least 1.25 times the required field strength. 



Table 9.9. Expected Strength of Lime-Fly Ash Concrete Mixes 



SI. No. 


Mix Proportions (by weight) 
Lime:Fly ash:Sand:Coarse 
Aggregate 


Water Content 
(per cent by Dry 
Wright of Mix) 


28 days Strength in MPa 


Compressive 


Flexural 


1. 




2.0 


2.5 : 5.25 


10.0 


6.9 


1.48 


2. 




2.0 


2.25: 6.75 


10.8 


7.2 


1.16 


3. 




2.0 


2.7 : 6.3 


1 1.0 


7.5 


1.48 


4. 




1.5 


3.3 : 7.5 


9.7 


6.0 


0.80 


5. 




1.5 


2.7 : 8.3 


7.0 


6.9 


1.16 


6. 




1.5 


2.25 : 5.25 


9.7 


7.5 


1.48 



9.6.3. Construction 

9.63.1. Preparation of subgrade : Requirements of Section 9.4.3.1 shall apply. 

9.63.2. Weather limitations : Requirements of Section 9.4.3.2 shall apply. 

9.6.33. Batching and mixing of materials : Thorough mixing is extremely important so that a blend 
that provides uniform strength and durability is obtained. Mixing is usually done with batch type concrete 
mixers or pug mill mixers. A permanent mixing plant may be set-up at a suitable location or smaller capacity 
units can also be brought on site. Accurately controlled amounts of fly ash and other ingredients are fed into 
the mixing chamber where they are mixed until uniform composition is obtained. The batch should be calibrated 
by weight and volume batching may be permitted only in exceptional cases. Proportioning of constituent 
materials should be as specified on the basis of designated mix, making due allowance for free moisture absorption 
in aggregate and moisture present in lime and fly ash. It has been found that moist fly ash facilitates easier 
mixing to obtain desired compaction. The mixer should not be overloaded and adequate mixing time (1-2 
minutes) should be given to ensure uniform mixing. The volume of the material in the mixer shall not be more 
than 60 per cent of the space inside the mixer. 

9.63.4. Transportation and placement of lime fly ash concrete : The lime fly ash concrete should 
be transported and placed on the prepared subgrade so that the compacted layer would have the required 
thickness, slope and camber. In case central mixing is adopted, the mix is hauled to the construction site in 
covered trucks to minimise evaporation losses. Spreading should result in a uniform, uncompacted layer, which 
will achieve the compacted thickness required as per specifications. The thickness of uncompacted layer required 
is about 20-25 per cent more than the specified thickness. The actual thickness of uncompacted layer required 
may be determined through field trials. Transportation and placement should be done in such a way, so as to 
avoid segregation. Any portion of the batch that becomes segregated during placing, should be thoroughly 
mixed with fresh concrete before spreading. The layer of lime fly ash concrete should be laid to specified grade 
and camber before commencing rolling operations. Spreading should progress in such a way, so that not more 
than 30 minutes elapse between adjacent passes. A construction joint should be formed along the edge of the 
previous pass if more than 30 minutes elapse between adjacent passes. 

9.63.5. Compaction : When sufficient length of lime fly ash concrete has been laid to permit rolling, 
compaction should be started. Compaction in the field should be done by means of 80- 1 00 kN smooth wheeled 
roller, when crushed stone aggregate are used and 60-80 kN roller when soft aggregates like brick-bats, cinder 
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are used. Alternatively, vibratory roller of equivalent capacity can also be used. Rolling should start from the 
outer edge of the pavement and continue towards the middle except at superelevated portions where it should 
begin at lower edge of the pavement and progress towards the higher. Adequate number of passes should be 
given to ensure full compaction. While using heavy vibratory roller, care should be taken not to overstress the 
surface. Generally four to eight passes are necessary to achieve the desired compaction. The grade and camber 
of surface should be checked during compaction and all irregularities should be corrected by removing or 
adding fresh materials. Ideally, not more than 60 minutes should elapse between the start of moist mixing (on 
site or off site) and start of compaction. Compaction should be completed within specified period, which shall 
not exceed 4 hours after mixing. When lime fly ash concrete is to be laid in two layers, the second layer should 
be laid within 2-3 hours after compaction of the lower layer. 

9.63.6. Joints : No joint need to be provided except construction joint at the end of day's work and 
each successive length taken up for rolling. Construction joints should be formed by chamfering the edge of 
already laid concrete at an angle of about 30° and subsequently laying the fresh concrete thereon. 

9.63.7. Curing : After laying and compaction of the total thickness of lime fly ash concrete has been 
completed, it should be cured for the first 48 hours by covering it with wet gunny bags or Hessian, subsequently 
by spreading wet sand or watering frequently in moderate quantities. Curing should not be done by ponding as 
that would lead to leaching of lime. Curing should be carried out for at least 7 days and preferably 14 days 
depending on seasonal and other considerations. No traffic should be allowed on the lime fly ash concrete 
layer before top courses are placed thereon. 

9.63.8. Rectification of surface irregularities : The finished surface should be checked for line, 
level, camber, grade and surface finish as per Chapter 10 and irregularities should be corrected. 

9.6.4. Quality control : Relevant quality control tests and their minimum desirable frequency are 
given in Table 9.10. 



Table 9.10. Quality Control Tests for Lime Fly Ash Concrete 



SI. No. 


Test 


Test Method 


Minimum Desirable Frequency 


1. 


Quality of lime 


IS: 1 5 14-1990 


Once initially for approval of the source of supply and 
later for each consignment of material subject to minimum 
of one test per 5,000 kg 


2. 


Quality of Fly ash 


IS:381 2-1 981 


Once initially for selection of the source of supply and 
later for each lot of 10,000 kg 


3. 


Los Angeles 
Abrasion value on 
aggregates/ 
Aggregate Impact 
Value test 


IS:2386-1963 (Part 4) 


One test per 250 cum 


4. 


Aggregate Gradation 


IS:2386-1 963 (Part 1) 


Two tests per 250 cum 


5. 


Aggregate and Fly ash 
Moisture Content 


IS:2386-1963 (Part 3) 


As required 



9.7. Roller Compacted Fly Ash Concrete Pavement 

Roller compacted fly ash concrete (RCFC) is a zero-slump Portland cement concrete which is compacted 
using a road roller. Fly ash is an additive for roller compacted concrete, and it is strongly recommended that fly 
ash should be used as an ingredient in all works involving RCFC. 
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9.7.1. Materials : The contractor shall indicate to the engineer the source of all materials to be used 
in RCFC work with relevant test data. Approval of the Engineer for the same shall be obtained sufficiently in 
advance and sufficient quantity of materials should be stockpiled before commencement of the work. Uniformity 
of the materials over the duration of the project is critical to the performance of RCFC pavement. 

9.7.1.1. Cement : Cement conforming to IS:269-1989 or IS:81 12-1989 can be used. Portland pozzolana 
cement should not be used for making RCFC when fly ash is used as an ingredient. 

9.7.1.2. Aggregates : Coarse and fine aggregate for RCFC shall conform to Chapter 4. 

9.7.13. Fly ash : Fly ash to be used for RCFC work may be either from anthracitic coal or lignite. Fly 
ash to be used for RCFC work shall conform to the requirements given in Tables 9.3 and 9.1 1. 



Table 9.11. Physical Requirements for Fly Ash as Concrete Admixture 



SI . No. 


Characteristic 


Requirements 


1. 


Fineness-specific surface in m 2 /kg by Blaine's permeability test , Min 


320 


2. 


Particles retained on 45 micron IS sieve, Max 


34 


3. 


Lime reactivity in N/mm 2 , Min 


4.5 


4. 


Soundness by autoclave test-expansion of specimen in per cent, Max 


0.8 


5. 


Soundness by Lechatelier method-expansion in mm, Max 


10 



Fly ash should be obtained directly from hopper or silo where it is still relatively fresh and dry. Fly ash 
may be obtained in bulk or in bags. In case bagging is not possible, fly ash must be conditioned with water at 
the power plant. The conditioned ash when stockpiled at site should be sprinkled with water at regular intervals 
and covered with tarpaulins during its storage. Ash obtained from lagoons or ponds (pond ash) and bottom ash 
have reduced reactivity, and should not be used for RCFC work. 



9.7.1.4. Water : Water used for mixing and curing of roller compacted concrete shall be clean and free 
from injurious amounts of oils, salts, acid, etc. It shall meet the requirements as per IS:456-2000. Potable 
water is generally considered to be acceptable for RCFC work. The permissible limits for solids in water should 
be as per Chapter 4. 

9.7.2. Mix design for roller compacted fly ash concrete : The mix design shall be based on flexural 
strength. Flexural strength achieved for roller compacted fly ash concrete (RCFC) usually exceeds those for 
conventional concrete with similar cement contents. Flexural strengths up to 4.5 MPa can be achieved. Initial 
rate of strength gam of RCFC may be slower when compared to the same mix of plain cement concrete without 
fly ash. Consequently, designs based on more than 28 days strengths would be appropriate depending on the 
available lead time prior to opening to traffic. While designing the mix in the laboratory, correlation between 
flexural and compressive strengths of concrete shall be established on the basis of tests on samples for use at a 
later date to verify the in-situ flexural strength of RCFC through testing on cores. Considering the variations in 
the field, the laboratory mix should be designed for at least 1.25 times the required 28 days field strength as 
per IRC:44. 

Proportions in an RCFC mix generally comprise 81-84 per cent aggregates, 12-14 per cent cementitious 
binder and 4-6 per cent water by weight. The maximum aggregate to cement ratio of the mix should be 15:1. 
The minimum cement content in RCFC shall not be less than 1 50 kg/m 3 of concrete. When RCFC is used in the 
wearing course, minimum cement content should be 250 kg/m 3 of concrete. Due to low water content of 
RCFC, amount of fines required is more than normal concrete. This helps to reduce segregation. The fines are 
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typically supplied by fly ash. An additional benefit is gained from the pozzolanic property of fly ash, which 
contributes to strength of RCFC. Generally, the fly ash content in RCFC pavements has been upto 35 per 
of total cementitious ingredients, with typical contents being about 25-30 per cent. When 43 grade cement is 
used the percentage of fly ash replacement can be increased, after investigating the strength properties in the 
laboratory. 

The concrete used in RCFC work would be usually having zero slump. Modified Proctor compaction 
test can be used for determining the optimum moisture content for compaction. This test would also indicate 
maximum achievable density of the mixture, against which field densities can be compared. The right amount 
of water for the RCFC pavement work shall be decided for ensuring full compaction. Excess water will cause 
the concrete to heave in front of the roller wheels resulting in uneven compacted surface while too little water 
will lead to inadequate compaction, low in-situ strength and an open textured surface. The optimum water 
content, as determined in laboratory trials shall be adjusted during construction at field by trial rolling a small 
stretch. The variations in water content in the mix shall be + 1 per cent from the specified value. 

9.7.3. Construction : The laying programme of roller compacted concrete shall match with the laying 
of base/sub-base course. In case base course of dry lean fly ash concrete is to be laid as per specifications, 
RCFC shall be over laid after 10 days but within 30 days of laying dry lean fly ash concrete sub-base/base. 

9.73.1. Preparation of subgrade/sub-hase : The subgrade or sub-base over which RCFC is to be laid 
shall conform to grades and cross-sections as per drawings and uniformly compacted to the designed strength 
as per stipulations in the contract. The checking and rectification of the underlying layer should be done at 
least 2 days before laying RCFC. The subgrade shall not be softened by rain water, shall be devoid of surface 
trenches and soft spots. Soft spots if any shall be filled and compacted to maximum dry density. To prevent 
absorption of water from RCFC, the underlying layer should either be covered with water proof paper/plastic 
sheets or sprinkled with water 2-3 huurs before laying the RCFC layer. It would be preferable to provide 
compacted granular sub-base course of 1 00- 1 50 mm, below RCFC layer rather than laying RCFC directly over 
subgrade. 

9.73.2. Batching and mixing : The batching plant shall be capable of proportioning the materials by 
weight. Each type of material shall be weighed. Volume batching may be permitted only when unavoidable, 
Due allowances for moisture present in aggregates and fly ash should be made. The accuracy of weighing shall 
be within + 2 per cent by weight in case of aggregates and + 1 per cent by weight in case of binder and water. 
Production of RCFC may be carried out using mobile continuous mixing plants, which are called pug mills. 
Other types of power driven mixers may be permitted subject to demonstration of its satisfactory performance 
during field trials. Due to relatively low amount of cement and water, thorough mixing is critical to obtain the 
full strength of the material. The mixer should not be over loaded and adequate mixing time (minimum 1.5 
minutes) should be allowed to ensure proper mixing. 

9.733. Transportation : The plant mix concrete, discharged from the mixer, shall be immediately 
transported directly to the point where it is to be laid. Haulage of RCFC from the production plant can be 
carried out using tipping trucks or manually if quantities are less. During its transit, concrete shall be protected 
by covering it with tarpaulin on the top surface. Segregation of concrete should be controlled. RCFC should be 
placed as soon as possible after mixing. Travel time between the mixing plant and the paver should be limited 
to 15 minutes. In case the distance of laying is more than 10 to 12 km from the plant, concrete would get 
compacted in the tipper beds resulting in difficulties in unloading. Provision of form vibrators, locally attached 
to the tipper hoppers, would help in unloading concrete under such conditions. 
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9.7.3.4. Placing : Concrete shall be placed uniformly over the sub-base stretch avoiding segregation. 
RCFC can be laid using a paver having vibrating screed. Manual laying may also be resorted to subject to the 
approval by Engmeer-in-Charge. 

9.73.5. Compaction : Compaction shall be carried out immediately after the material is laid and 
levelled over sub-base. Smooth wheeled vibratory rollers of minimum 80 to 100 kN static weight are considered 
to be suitable for compacting zero slump concrete. Initially 2 or 3 passes are made without vibration, followed 
by about 6 to 8 passes of roller in vibrating mode. Final rolling should be performed with a smooth wheeled 
static roller. During the period when roller is changing direction or when roller is about to stop, vibration 
should be switched off. Roller speeds should be limited to 2.5 kmph. 

The minimum dry density of RCFC pavement shall be 97 per cent of that achieved during trial length 
construction/laboratory testing. Edge region i.e., upto 0.5 m from the edge cannot be compacted to the same 
degree as the general area. At edge regions, compaction shall be done adequately to achieve at least 95 per cent 
of the density achieved during field trials. If necessary, vibrating plate compactor or manually driven rollers 
can be used to compact edges. Another solution would be the provision of a suitable wide shoulder extension. 
Use of kerb stones results in the best edge compaction. 

The need to obtain good compaction and also a high standard of surface finish dictates that a limit needs 
to be imposed on the maximum thickness of RCFC pavement layer. In order to achieve full compaction, the 
maximum thickness of compacted layer should not be generally more than 1 50 mm. The engineer may, however, 
permit placing of RCFC pavement layers upto 200 mm thickness (compacted) if satisfactory compaction is 
achieved as shown through field trials. The minimum compacted thickness of RCFC pavement should not 
be less than 100 mm in a single lift. Thickness of more than 150 mm are usually constructed in multiple layers. 
In order to provide monolithic bond, the next layer should be placed within minimum working period from the 
time the previous layer was mixed. If this cannot be achieved, then retarding agents (0.5 to 1 per cent by weight 
of binder depending on ambient temperature) should be used in the preceding run. Alternatively second layer 
may be treated as partially bonded overlay. However, this would result in higher pavement thickness requirement. 
For rectifying unevenness in the green stage, concrete of same cement content with aggregate size of 10 mm 
and below shall be spread and compacted. It is necessary to check the rolled surface for unevenness as per 
Chapter 10. Surface irregularities should be checked with 3 m straight edge and shall be corrected with the 
fresh concrete and rolled. 

9.7.3.6. Curing : Due to low moisture content of RCFC, it is especially important that surface be kept 
moist after placement and curing commenced as soon as practicable. Wet curing methods like spraying of 
water or spreading wet Hessian would be advisable. Water curing moderates the temperature of the pavement 
and it is better for both durability of the surface and increased pavement strength. The total curing period 
should extend for at least seven days. If high fly ash contents are used, this period needs to be extended to at 
least 14 days unless a seal coat or overlay is applied within this period. It is recommended to avoid use of 
curing compounds. Opening to traffic should be after 28 days of curing. 

9.7.3.7. Joints : Sawn contraction joints can be provided in RCFC. These joints are to be sawn 24 
hours after compacting concrete. The saw cut should be between one quarter to one third of the pavement 
depth to provide a suitable plane of weakness to induce a crack beneath (tolerance + 5 mm). Typical spacing of 
joints would be between 6 to 8 m, depending on the thickness of the pavement. Generally the maximum joint 
spacing should be at an interval of 40 times the thickness of the pavement. The joints should be sealed with 
joint sealing compound. Instead of providing sawn contraction joints, contraction joint inducer (wooden or 
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plastic strips of triangular section) can be placed at predetermined intervals above sub-base/base before 
concreting. Expansion joints are not provided in RCFC pavement. Usually if over 90 minutes have passed 
between placement of two adjacent lanes, the joint is treated as a construction joint. The existing edge should 
be cut back to a fresh vertical face and dampened prior to placement of the adjacent material. A reasonable 
paving pattern that results in the shortest total length of construction joints should be adopted. 

9.7.4. Quality control : Quality control tests for RCFC and their minimum desirable frequency are 
as given in Table 9.12. 



Table 9.12. Quality Control Tests for RCFC Construction 



SI. No. 


Test 


Test Method 


Minimum Desirable Frequency 


1. 


Quality of cement 


As per relevant IS Code 


Once initially for approval of the source of supply and later for 
each consignment before using (batch not used for 2 months 
should be retested) 


2. 


Quality of fly ash 


IS:3812-1981 


Once initially for selection of the source of supply and later for 
each lot of 10,000 kg 


3. 


Los Angeles Abrasion 
value/Aggregate Impact 
Value 


1S:2386 (Part 4)-1963 


One test per 250 cum 


4. 


Aggregate gradation 


IS:2386 (Part 1 )- 1 963 


Two tests per 250 cum 


5. 


Aggregate and Fly ash 
Moisture Content 


IS:2386 (Part 3)-l 963 


As required 


6. 


Strength of concrete 
cubes (two specimens 
for each age of 7 and 
28 days) 


IS:5 1 6-1 959 


One test for 50 cu.m. of concrete 


7. 


Workability test on 
green concrete 


IS: 1 1 99-1 959 


Regularly 



9.8. Dry Lean Fly Ash Concrete for Base Course 



Dry lean fly ash concrete (DLFC) is similar to dry lean concrete in composition and properties. The 
essential difference is with regard to use of fly ash. 

9.8.1. Materials for DLFC 

9.8.1.1. Cement : Cement should conform to the requirement given in Chapter 4. 

9.8.1.2. Fly ash : Fly ash to be used for DLFC work should conform to Section 9.7.1.3. However, 
unlike roller compacted concrete, where fly ash is used to replace a part of cement, in case of DLFC fly ash is 
used to replace part of fine aggregates. Pond ash and bottom ash which do not satisfy Section 9.7. 1 .3 can also 
be used provided laboratory strength tests satisfy the design strength requirements. 

9.8.1.3. Aggregates : Requirements given in Chapter 4 shall apply. 

9.8.1.4. Water : Water used for mixing and curing of DLFC shall conform to the requirements of the 
Section 9.7.1.4. 

9.8.2. Proportioning of dry lean fly ash concrete : Requirements of Chapter 4 shall apply. In 
addition, it may be noted that optimal strength is obtained by replacing about 50 per cent of sand (by weight) in 
conventional dry lean concrete mix by equal absolute volume of fly ash. However, exact ratio of using sand 
and fly ash should be determined based on their specific gravity as shown in Table 9.13. The ratio of total 
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aggregate (including fly ash) to cement will be in the range of 1 2- 1 8 . Considerably lower strength would result 
when aggregates such as broken bricks or cinders are used. To facilitate selection of suitable proportions of the 
trial mix, particulars for a few DLFC mixes, designed using medium coarse sand, good quality crushed coarse 
aggregates of 20 mm maximum size and fly ash are given in the Table 9.13. 



Table 9.13. Typical Mix Proportions and Strength Characteristics of DLFC 



SI. 


Mix Proportion 


Water Cement 


Slump in 


28 day Compressive 


No. 


(by vvt) 


Ratio 


mm 


Strength (MPa) 


1. 


1 : 2 : 2n : 8 


1.32 


12 


15.8 


2. 


1 : 2.5 : 2.5n* : 10 


1.90 


12 


13.0 



* 'n' is the ratio of specific gravity of fly ash and sand (Sp. Gravity of fly ash/Sp. Gravity of sand) 



9.8.3. Construction operations 

9.83.1. Preparation of subgrade/sub-base : Procedure given in Section 9.7.3.1 shall be followed. 

9.83.2. Batching and mixing of materials : The materials for making dry lean fly ash concrete mix 
should be batched by weight using approved weigh-batchmg equipment. The batching plant shall be capable of 
proportioning the material by weight, each type of material being weighed separately. The cement from the 
bulk stock shall be weighed separately from the aggregates. Volume batching may be permitted only when 
unavoidable. Water may be measured by volume, using calibrated containers. Proportioning of the construction 
materials should be on the basis of designed mix proportions, making due allowance for moisture present in fly 
ash and aggregates. The weighing balances shall be calibrated by weighing the aggregates, cement, water and 
fly ash physically either by weighing with large weighing machine or using a weigh bridge. The accuracy of 
weighing scales of the batching plant shall be within + 2 per cent by weight in case of aggregates and fly ash 
and + 1 per cent by weight in case of cement and water. Batching and mixing shall be carried out preferably in 
a central batching and mixing plant having necessary automatic controls to ensure accurate proportioning and 
mixing. Other types of mixers shall be permitted subject to demonstration of their satisfactory performance 
during the trial length construction. The mixer should not be overloaded and adequate mixing time should be 
allowed to ensure uniform mixing. 

9.83.3. Transportation and placement : DLFC after mixing shall be discharged immediately from 
the mixer, transported directly to the point where it is to be laid and placed on the sub-base to achieve required 
depth, slope and camber of the compacted layer. The thickness of loose layer to be laid may be determined 
through field trials. During transportation, DLFC shall be protected from the weather by covering the top 
surface of concrete with tarpaulins. The lead of the batching plant to the paving site shall be such that travel 
time required will be less than 15 minutes. DLFC should preferably be laid/placed using a paver. The paving 
machine shall have high amplitude tamping bars to give good initial compaction to DLFC. Transportation and 
placement should be done in a way to avoid segregation. Any portion of the batch, which becomes segregated 
during placing, should be thoroughly mixed with fresh concrete before the process of spreading. The laying of 
DLFC may be done either in full width or lane by lane. In case quantum of DLFC work taken up is less, the 
engineer may permit transportation/laying of DLFC using manual methods. 

9.83.4. Compaction : When sufficient length of DLFC pavement has been laid to permit rolling, 
compaction should be commenced. Rolling should start from the outer edges of the pavement and continue 
towards the centre except at super elevated portions where it should begin at the lower edge and continue 
towards the higher. Double drum smooth- wheeled vibratory rollers of minimum 80-100 kN static weight are 
considered to be suitable for rolling DLFC. In case any other roller is proposed, the same shall be got approved 
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by the engineer, after demonstrating its performance. The number of passes required Jo obtain maximum 
compaction depends on the thickness of the layer, weight and type of the roller and comparability of the mix. 
Initially, 2 or 3 passes are made without vibration, followed by about 6 to 8 passes of roller in vibrating mode. 
Final rolling should be performed with a smooth wheeled static roller. In case soft aggregates, like, brick 
aggregates or cinder are used for making DLFC, a lighter roller of capacity 60-80 kN static weight should be 
used. Edge compaction procedure, lift thickness and weather condition limitations shall be as per Section 
9.7.3.5. The final surface shall be inspected immediately after compaction while the mix is still plastic and the 
grade and camber of the surface should be checked. All irregularities, loose, segregated or defective areas 
should be corrected by removing or adding fresh material of same quality using concrete with aggregates of 
size 10 mm and below. 

9.83.5. Joints : No joints need be provided except construction joints. At construction joints, unless 
vertical forms are used, the edge of the compacted material shall be cut back to a vertical face where the 
thickness of the properly compacted material has been obtained. 

9.83.6. Curing : Curing shall commence a soon as DLFC is compacted. For first 48 hours curing 
should be done by covering it with wet gunny bags or Hessian and for subsequent period of not less than 12 
days by spreading wet sand or watering frequently in moderate quantities. No traffic should be allowed on this 
layer before top courses have been laid. 

9.83.7. Preventing reflection cracking : DLFC being a semi-rigid material, may develop transverse 
cracks because of thermal effects/drying shrinkage. These cracks are likely to get reflected on to the wearing 
surface if a thin bituminous wearing course is laid. To prevent reflection cracking, when DLFC is used in 
composite construction, it is recommended that an intermediate layer of bituminous macadam should be 
incorporated before providing the asphaltic wearing course. This intermediate layer would absorb the movements 
at cracks in the semi-rigid layer, and prevents their reflection on to the surface. In case of rigid pavement, 
where DLFC is used as base course, the cement concrete wearing course can be laid directly thereon without 
provision of any intermediate layer, since due to greater rigidity of the concrete layer, cracks from the semi- 
rigid base do not get reflected. 

9.8.4. Quality control : Quality control tests and their minimum desirable frequency should be as 
given in Table 9.14 



Table 9.14. Quality Control Tests for DLFC Construction 



SI. No. 


Test 


Test Method 


Minimum Desirable Frequency 


1. 


Quality of cement 


As per relevant IS Code 


Once initially for approval of the source of 
supply and later for each consignment before 
using (batch not used for 2 months to be retested) 


2. 


Quality of fly ash 


IS:381 2-1 981 


Once initially for selection of the source of 
supply and later for each lot of 10,000 kg 


3. 


Los Angeles Abrasion Value/ 
Aggregate Impact Value 


IS:2386-1 963 (Part 4) 


One test per 250 cum 


4. 


Aggregate Gradation 


IS:2386-1 963 (Part 1) 


Two tests per 250 cum 


5. 


Aggregate and Fly Ash Moisture Content 


1S:2386-1 963 (Part 3) 


As required 


6. 


Strength of concrete cubes (two 
specimens for each age of 7 and 
28 days) 


IS:516-1959 


One test for 50 cum of concrete 


7. 


Workability test on green concrete 


IS: 1 1 99- 1 959 


Regularly 
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9.9. Cement Stabilised Fly Ash 

This work shall consist of laying and compacting a sub-base/base course of fly ash treated with cement 
on prepared subgrade/sub-base, in accordance with requirements of this specifications. This technique can be 
adopted for improvement of poor subgrades also. 

9.9.1. Materials 

9.9.1.1. Fly ash : Fly ash to be used for cement-fly ash stabilisation shall conform to Section 9.4.1.1. 
Pond ash or bottom ash which do not meet the requirements of Section 9.4.1.1 can also be used for cement 
stabilisation work. However, in all cases the cement stabilised fly ash/bottom ash/pond ash mix should develop 
adequate strength as given in Section 9.9.2. 

9.9.1.2. Cement : Requirements of Section 9.7.1.1 shall apply. 
9.9.13. Water : Requirements of Section 9.7.1 .4 shall apply. 

9.9.2. Mix proportion : The objective of the mix design procedures is to provide a pavement material 
having the required proportions of fly ash and cement to meet the following requirements: 

Provide adequate strength and durability 
Be easily placed and compacted 
Be economical 

Amount of cement, less than 2 per cent, is not generally amenable to proper mixing and hence not 
recommended. After deciding cement and fly ash content for trial mix, moisture density relationship has to be 
determined in accordance with IS:2720 (Part 8)- 1983. The unconfmed compressive strength test is done on 
samples compacted at maximum dry density and optimum moisture content. The mix proportion should be 
designed to obtain minimum unconfmed compressive strength of 17.5 kg/cm 2 after 7 days moist curing in a 
humidity chamber, for samples with a length to diameter ratio of 2:1. Curing may be carried out in the 
temperature range 30 to 38°C. The design mix should not only indicate the proportions of fly ash and cement, 
but also mention quantity of water in the mix and a specified compacted density that is required to satisfy 
specified strength. 

9.9.3. Construction operations 

9.93.1. Preparation of subgrade : Requirements of Section 9.4.3.1. shall apply. 

9.93.2. Weather limitations : Requirements of Section 9.4.3.2 shall apply. 
9.933. Mixing and laying : Requirements of Section 9.4.3.3 shall apply. 

9.93.4. Rolling : Requirements of Section 9.4.3.4 shall apply except that care shall be taken to complete 
the rolling operations within two hours of mixing or such shorter period as may be found necessary in dry 

weather. 

9.9.3.5. Curing : The stabilised layer shall be cured for 7 days. Curing shall be done either by using 
wet sand or wet Hessian or soaked jute bags. Subsequent pavement course shall be laid soon after the curing 
period to prevent the surface from drying out and becoming friable. No traffic shall be allowed over the finished 
cement stabilised layer. 

9.93.6. Construction joint : No joints except construction joints shall be provided. At the end of 
day's work, a transverse joint for full depth may be made by chamfering at an angle of 30°. 
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9.9.4. Quality control : For satisfactory performance of cement fly ash soil stabilised road, strict 
quality control measures are essential. It is prudent to conduct periodic testing during construction to confirm 
that the properties of fly ash being used are with in the range of values anticipated during the design. For each 
consignment of cement and fly ash, testing should be done to check quality. Quality control tests and their 
minimum desirable frequency are as given in Table 9.15. Strict control should be exercised during the mix-in- 
place operations, with frequent checks on mixing efficiency. This can be done by trenching through the in- 
place material and inspecting the colour of the mixture. Unmixed streaks or layers indicate poor mixing, and 
the material in that area should be remixed until uniformity of colour is achieved. 



Table 9.15. Quality Control Tests for Cement Fly ash Stabilisation 



Test 


Test Method 


Minimum Desired Frequency 


Quality of cement 


As per relevant IS specifications 


Once initially for approval of the source of supply and 
later for each consignment of the material 


Quality of fly ash 


IS:3812-1981 


Once initially for selection of the source of supply and 
later for each lot of 1 0,000 kg 


Degree of pulverisation 


IS:2720(Part4)-1985 


Periodically as considered necessary 


Moisture content 


IS:2720 (Part 2)-1973 


One test per 250 sqm 


Density of compacted layer 


IS:2720 (Part 28 or 29)-1974 


One test per 500 sqm 


Deleterious constituents 


IS:2720 (Part 27)- 1977 


As required 



9.10. Other Uses of Fly Ash in Road Pavement 

Bottom ash or coarse type of fly ash can be used in place of granular sub-base material provided they 
have CBR more than 1 5 per cent. However, such bottom ash/pond ash layer should be adequately confined and 
well compacted to achieve minimum 98 per cent of modified proctor density. Bottom ash or coarse type of 
pond ash can be used for construction of drainage layer, provided they possess permeability more than 10 4 cm/ 
s. Fly ash conforming to Section 9.7.1.3 can be used to replace upto 25-30 per cent of cement while making 
paving blocks. 

9.11. Iron and Steel Slags 

Steel making is a strategic part for the economy of any developing nation, like, India. As a result, a large 
number of steel plants have been set up in the country and they are producing several million tonnes of iron and 
steel. However, the generation of iron and steel is always associated with the production of waste materials, 
like, blast furnace slag, steel slag, granulated blast furnace slag, etc. Normally, generation of one tonne of steel 
results in generation of one tonne of solid waste. 

Slag can be used as pavement material in a variety of forms. It can be used as a base or sub base material 
either bound or unbound. Brief details of different types of slags are given in subsequent sections. 

9.11.1. Blast furnace slag : Blast furnace slag is the non-metallic by-product derived from producing 
iron in a blast furnace. This slag mainly consists of silicates and alummo-silicates of calcium. Different kinds 
of blast furnace slags are produced based on mode of cooling. When air cooling is adopted, slag formed is 
similar to coarse aggregates and is called air-cooled blast furnace slag, which can be used for road construction 
after testing its strength and soundness properties. 

9.11.2. Granulated blast furnace slag (GBFS) : When the molten slag is cooled rapidly by means of 
high pressure water jets and excess of water is maintained, crystals are not formed and instead it solidifies as a 
glassy mass in form of coarse sand, like, material. This material is known as granulated blast furnace slag since 
it takes the form of granules. It has marked pozzolanic property when ground to fine powder. Experimental 
work has been carried out at CRRI to use GBFS as a hydraulic binder in gravel slag and all slag mixes. The 
studies indicated that granulated slag, in association with a catalyst, sets to form a mix having high strength 
which can be used in subbase or base layer of a pavement. 
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9.113. Steel slag : Steel slag is formed when lime flux reacts with iron ore, scrap metal or other 
material in a steel furnace. Steel slag consists of fused mixtures of oxides and silicates, mainly calcium, iron, 
unslaked lime and magnesium. It is distinguished from blast furnace slag by low SiO, content and high amounts 
of iron and calcium oxides. When steel slag is fresh, it contains significant amount of free lime which suggests 
that the material could be lacking in stability in the presence of water owing to the hydration of calcium oxide. 
However, research has proved that if the steel slag is left for weathering in stockpiles for sufficient period of 
time, free lime would slake and the slag would become usable for road construction works. 

R&D work has been carried out in CRRI to explore the feasibility of utilising these steel plant by- 
products in place of conventional road building materials and subsequently to develop specifications/guidelines 
for using these materials m different road layers. Some of the typical test results conducted on slag materials 
are shown in the Table 9.16. 

In addition to above, soundness tests on steel slag and blast furnace slags were also carried out and both 
of these materials were found suitable. Subsequently, these materials were independently tested as mixes. A 
large number of combination were tried to develop suitable mixes of blast furnace slag, steel slag and granulated 
slag in combination with fly ash. The results indicated that steel plant wastes have a good potential for use as 
road pavement material in subbase and base courses of a road pavement. In order to evaluate and assess the 
performance of steel plant wastes as a road pavement material, test tracks of about 2 to 3 km were constructed 
at Vishakapatnam and Rourkela. The performance of the test sections were monitored for a period of 3 years 
and their performance was found satisfactory. 



Table 9.16. Physical Characteristics of Blast Furnace Slag and Steel Slag 



Physical properties 


Test method 


Blast Furnace Slag 


Steel Slag 


Granite Material 

(commonly 
used in country) 


Aggregate impact 
value (per cent) 


JS:2386 (Part 4)-1963 


18-24 


8-11 


15 


Aggregate crushing 
value (per cent) 


IS:2386 (Part 4)-l 963 


24-26 


15-18 


20 


Los Angeles Abrasion 
value (per cent) 


IS:2386 (Part4)-1963 


28-32 


9-10 


27 


Water absorption (per cent) 


IS:2386 (Part 3)-l 963 


1.5-2.5 


1-1.4 


0.6 


Specific gravity (kg/m 3 ) 


IS:2386 (Part 3)-l 963 


2650 


3220 


2800 



9.11.4. Use of iron and steel slags in road works : Air-cooled blast furnace slag and weathered steel 
slag can be used in place of stone aggregates to construct WBM layers and for mechanical stabilisation. 
Granulated blast furnace slag, which is a pozzolanic material, can be stabilised using lime and used for 
construction of stabilised layers and lime-GBFS concrete base/sub-base. Addition of a small quantity of gypsum 
enhances strength. GBFS can also be used in place of granular sub-base provided it meets CBR requirements. 



9.12. Lime-Rice Husk Ash Concrete 

Rice husk is available as a waste material from rice mills where paddy is processed to obtain rice. Rice 
cultivation is carried out almost throughout India and rice husk is mostly burnt as a fuel. The ash obtained is 
thrown back to paddy fields. This ash is chemically similar to fly ash and possesses good binding characteristics 
in conjunction with lime and moisture. It is a pozzolanic binder. CRRI has carried out extensive laboratory 
work to investigate the binder properties of lime-rice husk ash mixes and has recommended its use for lime rice 
husk ash concrete (Lime-RHA-concrete). The Lime-RHA-Concrete may be used as a sub-base/base course 
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material in the mix proportions 1:2:9 (Lime:RHA; Sand +Coarse aggregate). If a little percentage (2 to 6 per 
cent) of gypsum is added the strength properties are greatly enhanced. The RHA is available freely at site in 
rural India and no haulage cost is involved. 

9.13. Recyled Concrete Aggregate 

Our country has a network of concrete roads built many decades ago and due to increase in traffic and 
axle loads, the pavements have badly cracked. The rehabilitation and maintenance is costly and time consuming. 
In certain areas where high quality natural aggregates are scarce, recycled concrete aggregates offer an excellent 
and economic opportunity. Studies on the use of recycled aggregate (properly graded and having strength 
greater than the concrete in which it is to be used) in cement concrete and in water bound macadam stone 
metals show that recycled aggregates with suitable modifications can be used again as a road pavement material 
in base/sub-base and wearing coarse of road pavement in place of natural aggregate for low volume roads. 

9.14. Other Waste Materials 

Many other waste materials like processed municipal wastes, quarry waste, marble slurry dust, other 
metallic slags are available in many parts of the country. Laboratory and field studies conducted on some of 
these materials have indicated that such materials can be utilised for construction of lower layers of pavement 
and/or embankment. However, before embarking use of such materials, detailed characterisation and design of 
mix through a reputed laboratory would be needed. 
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Appendix- 

Location of Thermal Power Plants and Other Captive Power Plants Producing Fly Ash 



, State 


Thermal Power Plants 


Andhra Pradesh 


Kothagudam (APPGCL) 




Nellore(APPGCL) 




Ramagundam B (APPGCL) 




Ramagundam STPS (NTPC) 




Rayalsccma (APPGCL) 




Vijayawada (APPGCL) 




i l\ LjiiaKji cXKsl lalali i l autl uuaiLi i .iniiiLU 




Nava Bharat Ferro Alloy Ltd., Paloncha 




India Cement, Lhilamkur 




Kistna Cement Plant 




Heavy Water Plant, Manuguru 


Assam 


Bongaigaon (ASEB) 


DlIldT OC J I lal M lal 1L1 


Dal au 1 1 1 




Bokaro (A&B) (DCV) 




vmanarapur (L>vt^ ) 




Kahalgaon (NTPC) 




iviu/diidrpur (DjtzD ) 




Patratu (BSEB) 




Tenughat (TVNL) 




HCL, Dist. Begusarai 




FCIL, Dist. Dhanbad 




Bokaro Steel Plant, Dist. Bokaro 




TISCO, Jamshedpur 




Jamadoba CPP, Dist. Dhanbad 




Kathara CPP, Dist. Bokaro (CCD 




Bhelatabad CPP, Dist. Dhanbad 




BCCL-CPP, Dist. Dhanbad 




ACC, Chaibasa 


Delhi 


Badarpur(NTPC) 




Indraprastha (DVB) 




Rajghat 11 (DVB) 


l .1 no rot 

KJ UJ aldl 


tm IM/lniMOflOf (Cm W VJ \ 

'jdnuninjgji iuldi 




Kutch Lignite (GEB] 




Sabarmati (AEC) 




Sikka(GEB) 




Ukai (GEB) 




Wanakbon (GEB) 




Central Pulp Mills Fort, Songadh 


Haryana 


Faridabad (HSEB) 




Pampat (HSEB) 




NFL, Panipat 


Karnataka 


Raichur 




Torangallu (JTPCL) 




Grasim India Limited, Kumarapatnam 




West Coast Paper Mills Ltd., Dandeli 
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Mysore Paper Mills, Bhadravati 




Birla Group, Vasavdatta 




Birla Group, Rajashree, Malkhed 




HMP Group, Shahabad 




Jindal Tractebel Power Co., Distt. Bellary 


Madhya Pradesh 


Amarkantak (MPEB) + Extn 


& Chattisgarh 


Korba II & III (MPEB) 




Korba West (MPEB) 




Korba STPS (NTPC) 




Satpura Sarni (MPEB) 




Sanjay Gandhi (MPEB) 




Vindhyachal (NTPC) 




BALCO-CPP, Korba 




SAIL-BSP-CPP, Bhilai 




Century Cement-CPP, Baikunth 




Grasim-CPP, Nagda 




ACC, Kymore 


Maharashtra 


Bhusawal (MSEB) 




Chandrapur(MSEB) 




Dhanu (BSES) 




Koradi (MSEB) 




Khaper Kheda(MSEB) 




Nasik (MSEB) 




Paras (MSEB) 


- 


Parli (MSEB) 

i ui i i y i v i . > i , ij j 




Trombay (TECO) 




Aurangabad (Nath) Paper Mills, Aurangabad 




Ballarpur Ind. Ltd., Chandrapur 


Orissa 


lb Valley (OPGCL) 




Talcher Kaniha (NTPC) 




Talcher Thermal (NTPC) 




NALCO, Angul 




NAfCO Damanirtdi 




KSr, Rourkela 




1NUAL, Hirakud 




ICCL, Chaudwar 


Punjab 


Bhatmda(PSEB) 




GHTP, Lehra Mohabbat-Bhatinda (PSEB) 




Roop Nagar(PSEB) 




NFL, Bhatinda 


Rajasthan 


Kota (RSEB) 




Suratgarh (RSEB) 




J.K. Power, Chittorgarh 
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Birla Cement Works & Chittor Cement Works, Chittorgarh 



DCM Shriram Vinyl and Chemicals, Kota 



DCM Rayon, Kota 



Jodhpur Cement Works, Jodhpur 



Binani Industries 



Tamil Nadu 



Ennore (TNEB) 



Mettur (TNEB) 



Neyveli (NCL) 



Neyveli II (NCL) 



North Chennai (TNEB) 



Srimushnam (Lignite) 



Tuticonn (TNEB) 



Uttar Pradesh 



Anpara A&B (UPSEB) 



Dadn (NTPC) 



Harduaganj A&B (UPSEB) 



Obra (UPSEB) 



Panki (UPSEB) 



Pancha (UPSEB) 



Rihand (NTPC) 



Singrauli (NTPC) 



Tanda (UPSEB) 



Unchahar(NTPC) 



Hindalco, Renusagar 



IFFCO, Phulpur 



West Bengal 



Bakreshwar 



Bandel (WBSEB) 



Budge Budge (CESC) 



Durgapur (DPL) 



Durgapur(DVC) 



Farakka (NTPC) 



Kolaghat (WBSEB) 



Mejia(DVC) 



Mulajore (CESC) 



New Cossipore (CESC) 



Santaldih (WBSEB) 



Southern replacement (CESC) 



Titagarh (CESC) 



Durgapur Steel Plant, Dist. Durgapur (ECL) 



Disergarh ECL CPS, Disergarh 



Chmakuri CPS (ECL), Chinakuri 



Seepore CPS, Seepore (ECL) 
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CHAPTER 10 
QUALITY CONTROL IN CONSTRUCTION 

10.1. Introduction 

Quality should conform to the customer need or user's requirement in all activities and projects. However, 
quality is considered as conformance to specifications particularly in construction sector. The quality control is 
an essential requirement for all weather rural road construction by adopting IRC/MoRT&H Specifications and 
construction methods for creating durable and longer lasting assets for rural India. The overall quality control 
of rural road works must cover controlling of quality of materials and the work at site with the help of objective 
tests performed at a reasonable, pre-determined frequency without affecting progress of works. It is always 
advantageous to have separate quality control unit, independent of construction staff to control and monitor the 
work. The guidelines in this regard are contained in IRC:SP: 1 1 , "Handbook of Quality Control for Construction 
of Roads and Runways", Clause 900 "Specifications for Road and Bridge Works" of MoRT&H Specifications 
and IRC:SP:57, "Guidelines for Quality Systems for Road Construction". This Chapter deals with various 
quality control requirements related to needed laboratory equipment, code of practice, test frequency, pro forma 
far record of data and other details there of. 

10.2. Pre-Requisite 

Pre-requisite for quality control shall be as follows: 

All materials to be used, all methods to be adopted and all works performed shall be strictly in accordance 
with the requirement of specifications. Requirement of quality control tests and required frequency shall be 
mentioned in the tender document. 

In view of low traffic volume on rural roads and smaller size of projects, the requirement of quality 
control with respect to frequency of test may be reduced as compared to requirements indicated in MoRT&H 
Specifications. Further, reduction in frequency of testing without compromising quality assurance is likely to 
expedite progress of the work. However, the Engmeer-in-Charge may decide a higher test frequency for larger 
size projects. 

The contractor shall set-up a field laboratory of minimum needed equipments (camber board, sieve sets, 
core cutter with accessories and balance with weights upto 0.1 gm accuracy) and a oven to facilitate analysis of 
gradation, moisture and field density at locations approved by the Engmeer-in-Charge and depute needed 
personnel in order to carryout all required tests at specified frequency and as per the requirements mentioned in 
tender or as directed by the Engmeer-in-Charge. For conducting the other required tests, arrangements may be 
made with other organizations/laboratories also to meet the requirements of quality control and quality assurance. 
In case of larger size projects, contractor may be requested to set up a better laboratory at site or use facilities 
created at any other place nearby. The list of equipments and the quality control facilities shall be got approved 
from Engmeer-in-Charge in advance before start of work. The laboratory shall be manned by a qualified 
Materials Engineer/Scientists assisted by experienced Laboratory Assistants/Technicians. 

For satisfying himself verification about the quality of the material or work, quality control tests will 
also be conducted by the Engineer himself or quality control unit or any other technical agency at a pre-decided 
frequency. Additional tests may also be conducted where, in the opinion of Engineer, need for such tests is felt. 

10.3. Organisation Set-Up 

The requirement of a quality control organisation will vary for different projects depending on departmental 
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set-up and also size of the project. The minimum suggested organisation chart of quality control set-up at 

district level shall be as follows: 

District Laboratory Headed by the Executive Engineer and will deal with preparation of quality control programme, training 
of staff etc. 

Field Laboratory Depending upon project, it will deal with routine tests for borrow material and all materials at construction 
site at specified frequency 

The staff and equipment may be shifted from project to project depending upon requirements. The 
project implementation agency has important role as regards to implementation of quality control standards. 
The three agencies may be involved in implementation of quality control programme. 

Staff of Contractor 

Staff of the Engineer-in-Charge 

Other Independent Monitor 

The management of quality control tasks and the requirements of equipment and manpower at site 
laboratory and district/central laboratory is summarized in Fig. 10.1. 



QUALITY CONTROL 
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Fig. 10.1. Management of Quality Control in Construction 
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10.4. Specifications and Codes of Practice 

The specifications and codes of practice laid down by Indian Roads Congress, Ministry of Road Transport 
and Highways, and Bureau of Indian Standards are required to be followed in construction of roads. The list of 
all relevant standards and codes of practice is given at Appendix-10.1. 

10.5. Laboratory and Equipments 

The list of needed equipments for quality control tests at district level laboratory as well as field laboratory 
of the contractor is given at Appendix- 10.2. The field laboratory may have equipments for selected tests provided 
other equipments are available in district laboratory or any other laboratory nearby. The name of other such 
laboratory to be used shall be indicated by contractor in advance. 

10.6. Earth Work and Granular Layer 

The materials supplied and the works carried out by the contractor shall conform to the specifications 
pfescnbed in the preceding Chapters. For ensuring the requisite quality of construction, the materials and 
works shall be subjected to quality control tests, as described hereinafter. The testing frequencies indicated are 
the desirable minimum and the Engineer-in-Charge shall recommend for additional tests whenever felt necessary, 
to ensure compliance with the appropriate specifications. Some of the important test on soil, aggregate and 
bituminous materials are described in Appendices-] 0.3, 10.4 and 10.5 respectively. For details, relevant code 
of practice may be referred as per list given at Appendix-10.1 . 

10.6.1. Borrow material : Grid the borrow area for earthwork at 50 m centre to centre (or closer, if 
the variability is high) to full depth of proposed working area. The tests on representative samples shall be carried 
out as indicated in Table 10. 1 . 



Table 10.1. Frequency of Test for Borrow Material 



Test No. 


Description 


Test Method 


Frequency 


EW-] 


Sand content 


IS: 2720 (Part-4) 


One tests per 4000 cum of soil 


EW-2 


Plasticity index 


IS: 2720(Part-5) 


One tests per 4000 cum of soil 


EW-3 


Natural moisture content 


IS: 2720 (Part-2) 


One test for every 500 cum of soil 


EW-4 


Compaction test 


IS: 2720 (Part-7) 


One test per 4000 cum of soil 


EW-5 


CBR test on materials to 
be used in the subgrade 


IS: 2720(Part-l6) 


One CBR test for every 5000 cum of soil 



10.6.2. Earthwork and compaction control : The frequency of testing for earthwork at construction 
site shall be as indicated in Table 10.2. 

Table 10.2. Frequency of Test for Earth Work 



Test No. 


Description 


Test Method 


Frequency 


EW-6 


Moisture content prior to 
compaction 


IS:2720 (Part-2) 


One test for every 250 m 3 of soil subject to minimum 
of 4 test/day 


EW-7 


Thickness of layer 




Regularly 


EW-8 


Degree of the compaction 


IS:2720(Part-28) 


One set of the test per 2000 nr area comprising 
5-6 measurement 



The test locations for compaction control shall be chosen only through random sampling techniques. 
The guidelines are indicated in Fig. 10.2. Acceptance shall be based on mean value of a set of density 
determinations. If considerable variations are observed between individual density results, the minimum number 
of tests in one set of measurement shall be increased to 10. The acceptance criteria shall be subjected to the 
condition that the mean density (MD) i~ not less than the specified density plus X. 
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r 



Where, X = 



1.65 



1.65 



v. 



(No of samples) 



0.5 



x (standard deviation) 



J 



The minimum value of mean field density shall be 97 per cent of Standard Proctor density in case of 
embankment and 100 per cent of Standard Proctor density for subgrade layer. 
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10.63. Granular sub-base and bases : The tests and their frequencies for the different types of base 
and sub-base shall be as given in Tables 10.3 to 10.5. The evaluation of density results and acceptance criteria 
for compaction control shall be on lines similar to those set out in Section 10.6.2. However, the compaction 
density to be complied to for sub-base shall be as per MoRT&H guidelines, i.e., 98 per cent. Further, it must 
fulfil the statistical criteria given for subgrade compaction. The guidelines for location of test points are given 
in Fig. 10.3. 
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Table 10.3. Frequency of Test for Granular and Stabilised (Mechanical) Sub-Base and Gravel Roads 



Test No. 


Test 


Test Method 


Frequency 


SB - 1 


Gradation 


IS:2720 (Part-4) 


Two tests per 500 cum or per day 


SB -2 


Atterberg limits 


IS:2720 (Part-5) 


Two tests per 500 cum or per day 


SB - 3 


Moisture content prior 
to compaction 


IS:2720(Part-2) 


Two tests per 500 cum or per day 


SB -4 


Density of compacted layer 


IS:2720(Part-28) 


One set of test per 2000 sqm 


SB - 5 


Thickness 




Regularly 



Table 10.4. Frequency of Test for Stabilised (Lime/Cement/Lime-GBFS/Lime-Fly Ash) Sub-Base 



Test No. 


Test 


Test Method 


Frequency 


SB - 6 


Purity of lime/cement 


IS:1514/IS:269 
/455/IS: 1489 


1 tests per 5000 kg. or/lot 


SB - 7 


Degree of pulverisation 




Regularly 


SB - 8/9 


CBR or unconfined 
compressive strength test on 
a set of 3 specimens 


1S:2720 (Part-16) 
IS:4332 (Part-5) 


1 tests per 1 00 cum of mix 


SB - 3 


Moisture content prior to compaction 


IS:2720 (Part-2) 


2 tests per 500 cum or per day 


SB -4 


Density of compacted layer 


IS:2720 (Part-28) 


1 set of test per 2000 sqm 


SB - 5 


Thickness 




Regularly 



Table 10.5. Frequency of Test for Water Bound Macadam (Sub-Base, Base Course and Surface Course) 



Test No. 


Test 


Test Method 


Frequency 


GB - 1 


Aggregate impact value 


IS:2386 (Part-4) 


1 tests per 250 cum or source 


GB-2 


Grading of aggregate and screening 


IS:2386 (Part-1) 


2 tests per 250 cum or per day 


GB - 3 


Flakiness index and elongation index 


IS:2386 (Part-1) 


1 tests per 250 cum or per day 


GB -4 


Atterberg limits of binding material 


IS 2720 ( Part-5 ) 


1 tests per 50 cum or per day 


GB - 5 


Water absorption 


1S:2386 (Part-3) 


1 test per source 


GB-6 


Thickness 




Regularly 



In case of use of special materials, like, lime fly ash, cement, lime-GBFS (granulated blast furnace slag) 
and stabilised sand to be used in sub-base and base course construction, the type and frequency of tests shall 
be same as for conventional materials. Gravel and WBM also may be accepted as wearing coarse 
for unsurfaced roads. In such cases, the quality control methods and frequency of test will be as indicated 
here. 

10.7. Bituminous Courses 

Bituminous materials can^be used for construction of prime coat, tack coat, modified penetration 
macadam, bituminous macadam, open graded premix carpet with seal coat, and closely graded premix carpet 
(mix seal surfacing, etc.). The modified penetration macadam and bituminous macadam shall be used only 
at special locations where traffic is heavy and requirement of strengthening by bituminous course is 
essential. 

10.7.1. Prime coat and tack coat : The applications of prime coat and tack coat over granular 
course is essential before providing a bituminous surfacing. The quality control tests and their minimum frequency 
for prime coat and tack coat applications shall be as given in Table 10.6. 
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Table 10.6. Frequency of Test for Prime Coat and Tack Coat 



Test No. 


Test 


Test Method 


Frequency 


BL - 1 


Quality of binder 


IS:73/21 7/8887 


1 test per lot or per 10 tonne 


BL-2 


Temperature of binder 


Appendix- 10.6 


Regularly 


BL-3 


Rate of spread of binder 


Appendix- 10. 7 


2 tests per day or per 1 000 sqm 



10.7.2. Bituminous macadam and modified penetration macadam : The construction of 
bituminous macadam and modified penetration macadam can be undertaken in special cases where it is felt 
essential as a design requirement. The tests and minimum frequencies for these bituminous works pertaining to 
base course construction shall be as given m Tables 10.7 and 10.8. 



Table 10.7. Frequency of Test for Bituminous Macadam 



Test No. 


Test 


Test Method 


Frequency 


BL - 1 


Quality of binder 


IS:73/21 7/8887 


1 test per lot or per 10 tonne 


BL-2 


Temperature of binder 


Appendix- 1 0.6 


Regularly 


BL-4 


Aggregate impact value 


1S:2386 (Part 4) 


1 test per 250 cum/source 


BL - 5 


Flakiness index 


IS:2386 (Part 1) 


1 test per 250 cum 


BL-6 


Stripping of aggregate 


1S:6241 - 1971 


1 test per source 


BL-7 


Water absorption 


IS:2386 (Part 3) 


1 test per spurce 


BL - 8 


Grading of aggregates 


IS: 1286 (Part 1) 


1 test per 1 00 cum 


BL-9 


Binder content 


Appendix-10.8 


2 test per day 


BL - 10 


Thickness 




Regularly 


BL - 1 1 


Density of compacted 
layer 


Appendix- 10.9 


1 test per 1 000 sqm area or per day 



Table 10.8. Frequency of Test for Modified Penetration Macadam 



Test No. 


Test 


Test Method 


Frequency 


BL - 1 


Quality of binder 


IS:73/21 7/8887 


1 test per lot or 10 tonne 


BL - 2 


Temperature of binder 


Appendix- 10.6 


Regularly 


BL-4 


Aggregate impact value 


IS:2386 (Part 4) 


1 test per 250 cum per source 


BL - 5 


Flakiness index 


IS:2386 (Part 11 


1 test per 250cum per source 


BL - 6 


Stripping of aggregate 


IS:()24l-I l )7I 


1 test per source 


BL-7 


Water absorption 


IS:2386 (Part 3) 


1 test per source 


BL - 3 


Rate of spread of binder 


Appendix- 10. 7 


1 test per 1 000 sqm 


BL - 12 


Rate of spread of aggregate 


Appendix- 10. 10 


1 test per 1 000 sqm 



10.73. Bituminous surface course : The following bituminous surface courses are generally 
recommended for rural roads construction: 

• Surface dressing 

Open graded premix carpet with seal coat 
Closely graded premix carpet or mix seal surfacing 

The various tests and their minimum frequencies for different types of bituminous works for surface 
course are given in Tables 10.9 and 10.10. 
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Table 10.9. Frequency oe Test for Surface Dressing 



Test No. 


Test 


Test Method 


Frequency 


BL - 1 


Quality of binder 


IS:73/21 7/8887 


1 test per lot or 10 tonne 


BL - 2 


Temperature of binder 


Appendix- 10.6 


Regularly 


BL-4 


Aggregate impact value 


JS:2386 (Part 4) 


1 test per 250 cum per source 


BL-5 


Flakiness index 


IS:2386 (Part 1) 


1 test per 250 cum per day 


BL - 6 


Stripping of aggregate 


IS:6241-1971 


Ltest per source 


BL - 7 


Water absorption 


[S:2386 (Part 3) 


1 test per source 


BL-3 


Rate of spread of binder 


Appendix- 10. 7 


1 test per 1 000 sqm 


BL - 12 


Rate of spread of aggregate 


Appendix- 10. 10 


1 test per 1000 sqm 



Table 10.10. Frequency of Test for Open Graded Premix Surfacing or Closely Graded Premix 

Surf acing or Mix Seal Surfacing 



Test No. 


Test 


Test Method 


Frequency 


BL - 1 


Quality of binder 


IS : 73/217/8887 


1 test per lot or 10 tonne 


BL-4 


Aggregate impact value 


IS : 2386 (Part 4) 


1 test per 250 cum per source 


BL-5 


Flakiness index 


IS : 2386 (Part 1) 


1 test per 250 cum per day 


BL - 6 


Stripping of aggregate 


IS : 6341- 1971 


1 test per source 


BL - 7 


Water absorption 


IS : 2386 (Part 3) 


1 test per source 


BL - 8 


Grading of aggregates 


IS : 2386 (Part 1) 


1 test per 50 cum per day 


BL - 1 3 


Soundness (magnesium and 
sodium sulphate) 


IS : 2386 (Part 5) 


1 test per source 


BL-2 


Temperature of binder at 
application 


Appendix- 10.6 


Regularly 


BL - 14 


Binder content 


Appendix- 10.8 


2 test per 500 cum or per day 


BL - 10 


Thickness 




Regularly 



10.8. Semi-Rigid and Rigid Pavement 

The general guidelines for quality control in construction of these types of pavements are as under: 

(i) IRC:SP:1 1 "Handbook of Quality Control for Construction of Roads and Runways" shall be referred for the quality 
control of semi-rigid, rigid pavement and roller compacted concrete pavements. 

(ii) 43 Grade Ordinary Portland Cement as per IS: S 1 12-1989 is generally used. However, the details about the type of 
cement and concrete required under different climatic conditions is given in Chapter 4. If the sulphates in soil is more than 
0.5 per cent, the cement shall conform to IS:6909. 

(iii) The potable or drinking water may be used for mixing and curing of concrete. The concrete pavement (semi-rigid and 
rigid pavement made with cement and other binding materials) should be water cured for a minimum period of 1 4 days, 
and preferably for 28 days after 24 hours of casting. The curing may be done either by ponding water or sprinkling water. 
If fly ash/granulated slag is used as binder, the curing period may be extended for two more days, to get better results. The 
temperature of slabs during curing may be preferably, 27+2°C. Construction of such pavement involving concrete shall 
be carried out when the ambient temperature is between 5 to 40°C. When temperature of air is less than 5°C, the 
constituents of concrete mainly water and aggregates are required to be heated. When the temperature of air is more than 
40°C, the constituents may be cooled down accordingly. The water used shall conform to IS:456-2000. 

(iv) The crushed aggregate of maximum size of 25 mm and greater than 4.75 mm and sand (size less than 4.75 mm) may be 
used for construction of both semi-rigid and RCC pavements, and it shall conform to IS:383-1970 "Specification for 
Coarse and Fine Aggregates from Natural Sources". The water absorption in the aggregates shall not be more than 2 per 
cent (IRC:SP:49). 



260 



IRC:SP:20-2002 

(v) Guidelines for cement concrete mix design for both semi-rigid and rigid pavement/RCCP shall be as per IRC:44 
"Tentative Guidelines for Cement Concrete Mix Design for Pavements". The minimum flexural strength of concrete for 
RCCP shall be 40 kg/sq.cm in the field assuming good degree of quality control in the field. The minimum compressive 
strength of concrete for DLC shall be 100 kg/sq.cm at 7 days. The approximate mix proportions by weight shall be as 
1:1.4:2.75 (Cement:Sand:Coarse aggregate) with water/cement ratio 0.38 for cement concrete pavement. Slump of 0 to 
5 mm may be used for DLC or RCCP and slump of 1 5-20 mm may be kept for pavement quality concrete. The mix design 
for DLC shall be such that the maximum aggregatexement ratio shall be 16:1. 

(vi) Tools, equipments and appliances for rigid/semi-rigid pavement construction shall be as per IRC:43 and IRC:SP:49". 
Edging tool shall be used for making the sharp edges of the joints in the slabs. Proper care shall be taken while making 
edges. Excessive compaction of the concrete shall be avoided. This can be checked by the fact that no extra water or 
bleeding shall occur on the top surface of concrete. Excessive water at the top will make the top surface very weak. Edges 
of concrete pavement shall also be about 1 meter away from a tree, if any. 

(vii) To provide adequate drainage, the base course and sub-base courses shall be provided with adequate camber (2 per cent). 
Longitudinal slope may be considered as 1 in 500. The slope shoulder may be provided as given in Chapter 2. Shoulder 
may be of compacted earth, brick soling or any other suitable material. 

(viii) Cement (physical and chemical test), fine aggregate (gradation, deleterious constituents, moisture content test), coarse 
aggregate (crushing value/Los Angeles abrasion value, soundness, alkali aggregate reaction test), fly ash (physical and 
chemical test) and water (physical and chemical test) shall be tested once for each source of supply and occasionally 
when called for. In case of water when it will require long and/or improper storage of water, it will be tested more 
frequently. 

(ix) Six number of cement concrete cubes shall be cast daily to check 7 and 28 days strength as per IRC:SP: 1 1 The minimum 
compressive strength of any individual cube for DLC shall not be less than 7.5 MPa. The aggregate shall have water 
absorption not more than 2 per cent and silt content (size less than 75 micron ) shall not exceed 3 per cent in case of natural 
aggregate. The average flexural strength of concrete obtained in the field shall not be less than 40 kg/sqem for PQC or 
RCC and the flexure strength of any individual beam shall not be less than 35 kg/sqem. 

(x) Adequate quality control should be exercised at all stages of construction by suitably trained staff as per guidelines given 
in IRC: 1 5 "Standard Specification and Code of Practice for Construction of Concrete Roads", IRC:SP: 1 1 " Handbook of 
Quality Control for Construction of Roads and Runways", and IRC SP:49, "Guidelines forthe Use of Dry Lean Concrete 
as Sub-Base for Rigid Pavement". 

(xi) The difference between the highest and the lowest value of flexural strength at 28 days shall not be more than 1 5 per cent 
of the average flexural strength of PQC/RCC. 

(xii) Mould for test beam shall be 1 Ox 1 0x50 cm and for cubes 15x15x15 cm conforming to IS:5 16-1 959. 

(xiii) The angle between any two joints of DLC should be right angle or obtuse, and joints shall be staggered (by 20 cm to 40 
cm as per IRC:SP:49) with each other (Contraction, Construction) with the overlaying concrete. 

(xiv) The minimum K-value (modulus of subgrade reaction) of subgrade\sub-base shall be 5.54 kg/cm 3 (minimum CBR 1 0 per 
cent) The K-value of DLC of 1 0 cm thickness, is generally between 1 0-20 kg/cm 3 which is greater than the minimum K- 
value (taken as 5.54 kg/cm 3 ). If dry fly ash of lime reactivity greater than 40 kg/sqem is available within reasonable lead, 
the same may be used as replacement of cement by 10-25 per cent as performance improver in PQC/RCCP. 50 per cent 
of sand can also be replaced by fly ash in Dry Lean Cement Concrete (DLC) to have better durability, less heat of 
hydration and better finishing, provided 28 days strength is not reduced. The type of cement to be used for construction 
is given in Chapter 6. 

(xv) The compaction of concrete shall be completed critically within 1 20 minutes if temperature is less than 25°C and not more 
than 90 minutes when the temperature is between 25 and 40°C. The concrete temperature shall not exceed 40°C. 

(xvi) The permissible maximum variation in thickness of layers shall be 10 mm. 

(xvii) The other required tests for quality control and their frequency are given in Table 1 0. 1 1 . 
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Table 10.11. Frequency of Test for Concrete Road Construction 



Test No. 


Test 


Test Method 


Frequency 


RP-1 


Quality of cement 

(a) Consistency 

(b) Compressive strength 

(c) Initial and final setting time 

(d) Fineness of cement 

(e) Soundness of cement 


iS:zoy/4;o/ 1 1 oy/o 1 1 zi izzoy 


1 fort r\Di* c r\ 1 1 O 

i resi per source 


RP-2 


Strength of concrete 

(a) Comprehensive strength 

(h) Flexural strength 


is:5 I o- l y5y 


3 test per 1 50 m 3 for each 7 days and 
28 days strength 


RP-3 


Thickness 


Wooden Blocks 


Regularly at grid points 


RP-4 


Purity of water 


IS:456-2000 


1 test per source 


RP-5 


Workability sample test 


IS: 1 1 99-1 959 


3 test per day 


RP-6 


Gradation of coarse and fine 
aggregate 


IS:2386 (Part-1) 


1 test per day 


RP-7 


Aggregate impact value 


IS:2386 (Part -3) 


1 test per source 


RP-8 


Soundness 


IS:2386 (Part -5) 


1 test per source 



Note : The dry density of roller compacted concrete shall be determined from three density holes for each day. 



10.9. Special Pavements 

10.9.1. Quality control of concrete blocks for CBP/ICBP : M 30 or higher grade concrete shall be 
used in production of blocks required for paving of trafficked road. When M 30 grade concrete is used, the 28 
days compressive strength of 1 5 cm cubes shall be 300 kg/cm 2 . M 25 grade concrete may also be used when the 
blocks are to be used for paving in non-trafficked areas like footpaths. Relationship between 28 days compressive 
strength of 15 cm cubes and blocks produced in Block Making Machine (BMM)/hydraulic press shall be 
established, so that the block strength can be related to concrete strength. For quality control of blocks, from 
each lot of 200 blocks, 3 blocks shall be selected at random for water absorption and 28 days compressive 
strength tests. The block may be first tested for water absorption and the test results recorded as per Format SP- 
1 . The same blocks shall then be tested for apparent compressive strength, and the test results recorded as per 
Format SP-2. The corrected compressive strength of blocks shall be calculated by applying the appropriate 
correction factor to the compressive strength value so obtained as indicated in Table 10.12. 

Water absorption of blocks shall be below 8 per cent. Mean compressive strength shall be equal to or 
higher than the design strength. Upto 10 per cent variation of individual values from mean value may be 
allowed. Blocks rejected for paving in traffic areas can be used for non-traffic areas, if otherwise found suitable. 



Table 10.12. Correction Factors for Determination of Compressive Strengths of Concrete Blocks 



Block Thickness 
(mm) 

60 


Correction Factor 


Non-Chamfered Block 

1.00 


Chamfered Block 

1.06 


80 


1.12 


1.18 



10.9.2. Quality control of stone-sett/brick-on-edge pavement : The quarry stones shall be of more 
or less uniform size. When skilled craftsmen are available, the stones shall be properly dressed to obtain 
uniform size. After construction of base course, the area to be paved shall be bounded by installation of edge 
restraints for which the stones themselves can be used. A portion of the edge restraints shall be embedded in the 
base course Tor effective confinement of the pavement. Surface profile shall be corrected to the extent possible. 
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Good quality burnt clay bricks shall be used in bnck-on-edge pavement. The bricks themselves can be 
used as edge restraints, which shall be partially embedded in the base course. Bricks produced with a high 
content of lime in the clay will enhance the service life of brick pavement. Proper surface profile shall be 
maintained during construction. 

10.93. Quality control for new materials : New materials, like, geotextiles and modified binders 
can also be used in specific cases. The quality control tests as required for use of these materials shall be as 
given in Clause 903.4.1 of MoRT&H Specifications. 

10.10. Alignment, Level and Surface Regularity 

All road works carried out shall conform to the lines, grades, cross-sections and dimensions shown on 
the drawings or as directed by the Engineer, subject to the permitted tolerances described in the respective 
Sections. Tests, viz., ALS-1, ALS-2, ALS-3 and ALS-4 are required to be conducted for control of alignment 
level, and surface regularity. 

10.10.1. Horizontal alignments (ALS-1) : Horizontal alignments shall be reckoned with respect to the 
centre line of the roadway as shown on the drawings. The edges of the roadway as constructed shall be corrected 
within a tolerance of 20 mm therefrom. The corresponding tolerance for edges of the roadway and lower layers 
of pavement shall be 30 mm. For hill roads, the tolerances shall be as specified by the Engineer-in-Charge. 

10.10.2. Surface levels of pavement courses (ALS-2) : The levels of the subgrade and different 
pavement courses as constructed, shall not vary from those calculated with reference to the longitudinal and 
cross profile of the road shown on the drawings or as directed by the Engineer-in-Charge. The tolerances 
normally accepted are mentioned in Table 10.13. For checking compliance with the above requirement for 
subgrade, sub-base and base courses, measurements of the surface levels shall be taken on a suitable grid. 
Maximum two measurement shall be permitted to exceed the tolerance as above, including one measurement 
being not in excess of 5 mm above the permitted tolerance. For checking the compliance with the above 
requirement for bituminous wearing courses and concrete pavements, measurements of the surface levels shall 
be taken on a suitable grid of points spaced at 6.25 m along the length and at 0.5 m from the edges of the 
pavement. 



Table 10.13. Tolerances in Surface Levels (ALS-2) 



SI. No. 


Description 


Limits 


1. 


Subgrade 


±25 mm 


2. 


Subbase 


± 20 mm 


3. 


Base Course 

(i) Machine laid 

(ii) Manually laid 


±10 mm 
±15 mm 


4. 


Wearing course for flexible pavement 

(i) Machine laid 

(ii) Manually laid 


± 6 mm 
± 10 mm 


5. 


Wearing course (roller compacted concrete pavement/rigid pavement) 


± 10 mm 



10.103. Surface regularity of pavement courses (ALS-3) : The longitudinal profile shall be checked 
by 3 meter long straight edge/moving straight edge as desired by the Engineer at the centre line of the roadway 
or as specified in IRC:SP:11 or MoRT&H Specifications. The maximum permitted number of surface 
irregularities shall be as per guideline given in Table 10.14. The procedure for checking surface regularity is 
given in Appendix- 10. 11. 
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Table 10.14. Maximum Permitted Number of Surface Irregularities (ALS-3) 



Irregularity 


Number of Irregularity of Size 




4 mm 


7 mm 


Length for Measurement (m) 


300 


75 


300 


75 


Number of Irregularities 


50 


25 


6 


3 



The maximum allowable difference between the road surface and underside of a 3 m straight edge when 
placed parallel with, or at right angles to the centre line of the road at points decided by the Engineer shall be as 
given in Table 10.15. 

Table 10.15. Maximum Allowable Tolerance in Road Construction (ALS-4) 



Description 


Limits 


Pavement surface (bituminous and cement concrete) 


4 mm 


Bituminous base courses 


8 mm 


Granular sub-base/base courses 


1 0 mm 


Sub-base under concrete pavements 


15 mm 



Where the surface regularity of subgrade and the various pavement courses fall outside the specified 
tolerances, the contractor shall be liable to rectify these in the manner described in Section 902.5 of MoRT&H 
"Specifications for Road and Bridge Works" 

10.11. Record of Quality Control Data 

Quality control tests shall be conducted as per the sequence given in Fig. 10.1 for different layers of 
pavement. The data shall be recorded in the forms given in Appendix-10.12. 
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Appendix-10.1 

List of Specifications, Codes & Standards 
[A] Indian Roads Congress 



Number 

UCSlgllallUII 


1 atle 


r r-> s~i | a i r\/' i 

IRC: 1 0- 1 96 1 


KCCOmmenQCQ rldCllC^ TOT oOnOwpllS TOT KOdll DnlUdnKIilCllli LUiIsiiulicu uy iviauuai uptiauuii 


IRC: 1 4- 1 v / / 


KecommcnacQ rTaciicc iorz cm inicK Diiunitn dnu ui \-a\ pt-Ls ^ottunu jxcv muu; 


JRC .10-1 yoy 


opCCl TICculon TOI rrltTiing OX oast v_ OUI St wi in Diimnniuub n unci ;> ^ i mm i\t v idivuij 


IRC: i /-lyco 


i cntati ve optciTiCdtion tot oingic v_ odi di luminous ouimcc l^i cssuig, 


TO 1 Cl 1 0"7"7 

IKC . 1 y- 1 y / / 


ManQaru opeciiications ana Looe 01 ridciicc 1 01 vvait,! douhu ividtdudin ixcvuiun; 


IKC.zi-iyoo 


I entative opecitication tor i wo coat Bituminous ourrace Lressmg 


IRC:27-1967 


Tentative Specification for Bituminous Macadam (Base & Binder Course) 


IRC35-1997 


Code of Practice for Road Markings (with Paints) (First Revision). 


IRC:36-1970 


Recommended Practice for the Construction of Earth Embankments for Road Works 


IRC:37-2001 


Guidelines for the Design of Flexible Pavements (Second Revision) 


IRC:47-1972 


Tentative Specification for Built-up Spray Grout 


IRC:48-1972 


Tentative Specification for Bituminous Surface Dressing Using Precoated Aggregates 


IRC49-1973 


Recommended Practice for the Pulverization of Black Cotton Soils for Lime Stabilisation 


IRC:50-1973 


Recommended Design Criteria for the Use of Cement, Modified Soil in Road Construction 


IRC:51-1 992 


Guidelines for the Use of Soil Lime Mixes in Road Construction (First Revision) 


IRC:56-1974 


Recommended Practice for Treatment of Embankment Slopes for Erosion Control 


IRC:63-1976 


Tentative Guidelines for the Use of Low Grade Aggregates and Soil Aggregate Mixtures in Road Pavement 
Construction 


JRC72-1978 


Recommended Practice for Use and Upkeep of Equipment, Tools and Appliances for Bituminous Pavement 
Construction 


IRC:75-1979 


Guidelines for the Design of High Embankments 


IRC:90-1985 


Guidelines for Selection, Operation and Maintenance of Bituminous Hot Mix Plant 


IRC:SP:1 1-1988 


Handbook of Quality Control for Construction of Roads and Runways (Second Revision) 


IRC:SP:31-1992 


New Traffic Signs 


HRB Special 
Report 1 1-1992 


State of the Art : Granular and Bound Bases and Sub Bases 


[B] Bureau of Indian Standards 


Number 
Designation 


Title 


IS:73-1992 


Paving Bitumen-Specification 


IS:21 7-1 988 


Cutback Bitumen-Specification 


IS:334-1982 


Glossary of Terms Relating to Bitumen and Tar 


IS:383-1970 


Coarse and Tine Aggregates from Natural Sources for Concrete 


1S:454-1961 


Digboi Type Cutback Bitumen 


1S:455-1989 


Portland Slag Cement (Fourth Revision) 


IS:456-2000 


Code of Practice for Plain and Reinforced Concrete 


IS:458-1971 


Concrete Pipes (with and without Reinforcement) 
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Number 
Designation 


Title 


IS:460-1985 


Test sieves 


IS:516-1959 


Methods of Test for Strength of Concrete 


IS :702-1988 


Industrial Bitumen (Second Revision) 


IS: 1 124-1974 


Method of Test for Water Absorption of Natural Building Stones 


ISM999-1959 


Method of Sampling and Analysis of Concrete 


IS: 1 201 to 
1220-1978 


Indian Standard Methods for Testing Tar and Bituminous Materials 


IS: 1489-1991 


Portland Pozzolana Cement 


IS: 1498-1970 


Classification and Identification of Soils for General Engineering Purpose 


IS: 1 5 14-1 959 


Method of Sampling and Test for Quick Lime and Hydrated Lim 


IS: 1 88S-1 982 


Method of Load Tests on Soils 


IS:21 1 6- 1 980 


Sand for Masonry Mortars 


IS:2 131-1981 


Methods for Standard Penetration Test for Soils 


IS:2250-1965 


Code of Practice for Preparation and Use of Masonry Mortars 


IS:2386-1963 


Methods of Test for Aggregate for Concrete 


(Part 1) 


Particle Size and Shape 


(Part 2) 


Estimation of Deleterious Materials and Organic Impurities 


(Part 3) 


Specific Gravity, Density, Voids, Absorption and Bulking 


(Part 4) 


Mechanical Properties 


(Part 5) 


Soundness 


(Part 6) 


Measuring Mortar Making Properties of Fine Aggregates 


(Part 7) 


Alkali-Aggregate Reactivity 


(Part 8) 


Petrographic Examination 


IS:2720 


Methods of Test for Soils 


(Part 2)- 1973 


Determination of Water Content 


(Part 3)- 1980 


Determination of Specific Gravity 


Section I 


Fine Grained Soils 


Section II 


Medium and Coarse Grained Soils 


(Part 4)-l 985 


Grain Size Analysis 


(Part 5)- 1985 


Determination of Liquid and Plastic Limits 


(Part 7)- 1980 


Determination of Moisture Content/Dry Density Relation Using Light Compaction 


(Part 8)- 1983 


Determination of Water Content-Dry Density Relation Using Heavy Compaction 


(Part 10)- 1973 


Determination of Unconfined Compressive Strength 


(Part 13)-1985 


Direct Shear Test 


(Part 14)- 1983 


Determination of Density Index (Relative Density) of Cohesionless Soils 


(Part 16)4987 


Laboratory Determination of CBR 


(Part 27)4977 


Determination of Total Soluble Sulphates 


(Part 28)- 1974 


Determination of Dry Density of Soils In-Place by the Sand Replacement Method 


(Part 29)- 1975 


Determination of Dry Density of Soils In-Place by Core Cutter Method 


(Part 37)-] 976 


Determination of Sand Equivalent Values of Soils and Fine Aggregates 


IS:31 17-1987 


Specification for Bitumen Mastic for Bridge Decking and Roads 


IS:5435-1969 


General Requirements for Cold Bituminous Macadam Mixing Plants 


IS:62414 971 


Methods of Test for Deterioration of Stripping Value of Road Aggregate 


IS:8887-1 995 


Bitumen Emulsion for Roads (Cationic Type)-Specification 


IS:93814979 


Method of Testing Tar and Bituminous Materials:Deterioration of Fraass Breaking Point of Bitumen 


IS:9382-1 979 


Method of Testing Tar and Bituminous Materials:Deterioration of Effect of Heat And Air by Thin Oven Tests 
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Equipment Requirements at Site and Central Laboratory 
|A| Apparatus lor Material Testing 



SI. No. 


Particulars of Items 


Quantity 


1. 


Riffle Box 


1 No. 


2. 


Sieve Set 


2 set 


3. 


Sieve Shaker (for 450 mm & 200 mm sieves) 


1 No. 


4. 


Atterberg Limits (liquid and plastic limit) Apparatus 


1 No. 


5. 


Specific Gravity Apparatus 


1 Set 


6. 


Auto Compaction Test (Light and Heavy Compaction) 


1 Set 


7. 


Speedy Moisture Meter (With chemical) 


1 Set 


8. 


Compression Machine 200 kN 


1 No. 


9. 


CBR Testing Machine with Proving Ring 


1 Set 


10. 


CBR Mould, Tripod Stand with Dial Gauge, Perforated Plate, etc. 


12 Set 


11. 


Moisture Tins 


12 No. 


12. 


Spatula 


4 Set 


13. 


Aggregate Impact Value Machine with Accessory, as per IS:2386-IV 


1 set 


14. 


Flakiness Gauge as per IS:23 86- 1 


2 Set 


15. 


Los Angeles (Abrasion Value) Apparatus as per IS:2386-IV 


1 No. 


16. 


3 m Straight Edge with Wedge 


1 No. 


17. 


Water Bath (Thermostatically Controlled upto 60°C) 


1 set 


18. 


Penetration Machine with Accessory 


1 Set 


19. 


Softening Point Apparatus with Accessory 


1 Set 


20. 


Extraction Machine with 6 Mould, Rammer, Base, etc. 


1 Set 


21. 


Viscosity (Saybolt Furol) with Accessories 


1 No. 


22. 


Ductility Machine with Accessory 


1 No. 


23. 


Sand Replacement Cylinder with Accessories 


2 No. 


24 


Core Cutter with Collar and Hand Rammer 


2 No. 


[B] Other Accessories, Reagents and Glassware 


SI. No. 


Particulars of Items 


Quantity 


1. 


Auger, Pick Axe, Spade, Crow Bar, etc. (Digging Tools) 


2 No. Each 


2 


Glass Ware, Filter Paper, Beaker, Cylinder, etc. 


6 No. Each 


3. 


Trychloroethylene 


10 litres 


4. 


Oven Thermostatically Controlled (upto 200°C, Sensitivity 1°C) 


1 No. 


5. 


Electronic Balance 5 kg cap. Accuracy 0.5 gm 


1 No. 


6. 


Electronic Balance 500 gm cap. Accuracy 0.1 gm 


1 No. 


7. 


Electronic Balance 200 gm cap. Accuracy .01 gm 


1 No. 


8. 


Thermometer (0°C to 50°C, 1 10°C, 250°C, 300°C) 


6 Each 


9. 


Proving ring 50 kN 


2 No. 


10. 


Proving ring 100 kN 


1 No. 


11. 


First Aid Box 


1 Box 


12. 


Tray Enameled (Big. Medium, Small, Rectangular and Circular) 


6 Each 


13. 


GI Tank 0.75 m x 0.75 m x 0.3 m 


1 No. 


14. 


Hot Plate 


1 No. 


15. 


Stop Watch 


2 No. 
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[CJ Sieve Set of Galvanised Iron (GI) Frame 



Sieve Size 


Dia of Sieve 


Quantity 


Lid 


450 mm 


1 No. 


Pan 


450 mm 


1 No. 


125.0 mm 


450 mm 


1 No. 


90.0 mm 


450 mm 


1 No. 


75.0 mm 


450 mm 


1 No. 


63.0 mm 


450 mm 


1 No. 


53.0 mm 


450 mm 


1 No. 


45.0 mm 


450 mm 


1 No. 


37.5 mm 


450 mm 


1 No. 


26.5 mm 


450 mm 


1 No. 


22.4 mm 


450 mm 


1 No. 


19.0 mm 


450 mm 


1 No. 


1 3.2 mm 


450 mm 


1 No. 


1 1 .2 mm 


450 mm 


1 No. 


9.5 mm 


450 mm 


1 No. 


6.7 mm 


450 mm 


1 No. 


5.6 mm 


450 mm 


1 No. 


4.75 mm 


450 mm 


1 No. 


[D] Sieve Set of Brass Frame 


Sieve Size 


Dia of Sieve 


Quantity 


Lid 


200 mm 


2 No. 


Pan 


200 mm 


2 No. 


4.75 mm 


200 mm 


2 No. 


2.36 mm 


200 mm 


2 No. 


2.00 mm 


200 mm 


2 No. 


1.70 mm 


200 mm 


1 No. 


1 .40 mm 


200 mm 


1 No. 


1.18 mm 


200 mm 


2 No. 


1 .00 mm 


200 mm 


2 No. 


850 u 


200 mm 


1 No. 


710 u 


200 mm 


2 No. 


600 u 


200 mm 


2 No. 


425 n 


200 mm 


2 No. 


300 n 


200 mm 


2 No. 


250 u 


200 mm 


1 No. 


180 u 


200 mm 


2 No. 


150 u 


200 mm 


2 No. 


90 u 


200 mm 


2 No. 


75 n 


200 mm 


2 No. 



268 



IRC:SP:20-2002 



Appendix- 10.3 

Laboratory Testing for Properties of Soil (IS:2720) 

Soil is one of the principal materials of construction for embankments and stabilised soil base and 
su-bbase courses. Some important tests on soil as an engineering material are as under : 

1. Plasticity Index (IS:2720-Part 5) 

(i) Liquid Limit (LL) 

The test is carried out in a standard Casagrande Liquid Limit Device in which a cup containing a grooved specimen is 
made to fall on a rubber Plate. The number of blows to close the groove to a length of about 12.5 mm is determined for 
different moisture content. The moisture content corresponding to 25 blows is determined from a plot between number of 
blows and moisture content. 

A simpler alternative method to determine the liquid limit is the Uppal's penetrometer. In thjs method, the liquid limit is 
the moisture content corresponding to 25 mm penetration of a standard cone in the soil paste which is computed when the 
penetration ranges between 20 mm to 28 mm. 

(ii) Plastic Limit (PL) 

The moisture content at which a soil water mix when rolled into a thread on a glass plate starts crumbling at 3 mm dia 
gives the plastic limit of the soil. 

(iii) Plasticity Index (PI) 

The numerical difference between liquid limit and plastic limit is the plasticity index. Thus, it is determined from the 
liquid limit and plastic limit values of soil. A rough estimate of this can also be made using Uppal's Syringe. A soil paste 
is made by adding water to soil such that water is above the plastic limit of soil. This paste is put into the syringes and 
pushed out through the holes in the cap. Depending upon the texture of the thread, the PI can be estimated. 

2. Sieve Analysis (IS:2720-Part 4) 

The particle size distribution is by far the simplest way of broadly classifying a soil in terms of its being 
granular, medium grained and fine grained. The sieve analysis consists simply in taking weighed quantity of 
the sample, soaking it in water overnight and washing out the finer fraction through 75 micron IS Sieve. The 
fraction retained is dried and then passed through a series of sieves. However, for the rural road works, a set of 
7 sieves is recommended. To be able to broadly evaluate the particle size distribution of a soil even three sieves 
namely 2.36 mm, 425 micron and 75 micron may suffice. While a mechanical shaker is generally used in well 
equipped laboratories, manual shaking of sieves is considered sufficient if carried out for a period not less than 
three minutes. In case of dry cohesionless soil such as sand, dry sieve analysis may be carried out. 

3. Proctor Compaction (IS:2720-Part 7) 

This test is conducted to determine the achievable density in field and the optimum moisture required for 
compaction. It is conducted in a proctor mould (IS:2720 Part-7 1980) apparatus. The soil sample is compacted 
in three layers giving 25 blows on each side by a standard rammer at five different moisture contents. From the 
plot between moisture content and dry density, the optimum moisture content and maximum dry density are 
determined. In case of heavy compaction method (IS:2720 Part-8 1983), soil sample is compacted in five 
layers (depending on the size of the mould) giving 56 blows using a IS heavy rammer. 

4. CBR(IS:2720-Part 16) 

It is extensively used for the design of flexible pavements in India. The test is carried out on a sample 
compacted at optimum moisture content to maximum dry density and soaked for 4 days. In case of stabilised 
specimen, the specimen is cured for 7 days in wet sand and then subjected to the 4 days soaking. The CBR of 
the specimen is computed from the load needed for 2.5 mm/5.0 mm penetration of a standard plunger determined 
from the graph between penetration and load. If required the zero correction is applied for penetration while 
computing the load for 2.5 mm/5.0 mm penetration. 
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Appendix-10.4 

Laboratory Testing for Properties of Road Aggregates (IS:2386) 

The performance of pavement depend to a great extent on the correct choice of quality and quantity of 
aggregates as they form the major constituent of road construction materials. Since the aggregates have to bear 
the brunt of traffic, strength or resistance to degradation of aggregates as well as structural stability offered by 
mechanical interlock of aggregate particles in a layer form are important factors. IS:2386- 1 963 (Parts I to 
VIII) gives the methods of tests for aggregates for road construction. 

Great care is necessary in taking out samples of aggregates for testing unless the samples are true 
representative, the results of various tests may not reflect accurately their characteristics. For sampling of 
coarse aggregates, fine aggregates and filler, use of a flat shovel is preferable when working on a flat surface to 
ensure that a representative proportion of fines is picked up. The aggregates should be surface dry. Suitable 
form of sample divider is the riffle box. In case, a sample divider is not available, the representative sample 
may be obtained by quartering. For more details on sampling, IS:2386- 1 963 (Part I) may be referred to. 

Some of the important tests on aggregates for road construction are given in the following paragraphs: 

(i) Sieve Analysis : The test procedure is described in IS:2386-1963 (Part I). The required quantity of 
sample of aggregates is sieved manually or mechanically on a standard set of sieves depending 
upon the maximum size of aggregates and the percentage retained on each sieve is determined. 
The test results are expressed as per cent by weight passing each sieve. Sieve analysis test gives the 
particle size distribution in a sample of aggregate. 

(ii) Shape of Aggregates : Aggregates have three different shapes, viz. cubical, flaky and elongated. 
While cubical aggregates are good for development of mechanical interlock between aggregate 
particles and consequently for achieving structural stability in a bituminous mix, flaky and elongated 
aggregates are considered to be undesirable due to their greater susceptibility to fracture and larger 
surface area per unit volume requiring higher quantity of bitumen for coating. The presence of 
some quantity of flaky and elongated particles in an aggregate mass is inevitable, as these are 
bound to be produced in the aggregate crushing operation. But appropriate standards have been 
prepared to limit the quantity of such particles in an aggregate mass depending upon a particular 
use of such aggregates. The weight of flaky (or elongated) particles expressed as per cent of total 
sample of aggregates and weight of long particles as a per cent of non-flaky material is known as 
flakmess and elongation index respectively. 

A flaky particle is one whose least dimension (thickness) is less than 0.6 times its mean dimension. 
The test is not applicable to aggregates of sizes smaller than 6.3 mm. 

An elongated particle is one whose greatest dimension (length) is greater than 1.8 times its mean 
dimension. The test procedure is given in IS:2386-1 963 (Part 1). The elongation test is not applicable 
to aggregates of sizes smaller than 6.3 mm. 

(hi) Specific Gravity : Specific gravity is the ratio of the mass of a given absolute volume of aggregates 
to the mass of an equal volume of water at a specified temperature. The test procedure is given in 
IS:2386-1963 (Part 3). The specific gravity value of aggregates is required in computation of 
voids in bituminous mix design. For coarse aggregates, the wire basket method is used for 
determination of specific gravity, while for fine aggregates, the pyknometer method is used. For 
filler materials, specific gravity bottle is used. 
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(iv) Water Absorption : Water absorption is the difference in weight of aggregates between 24 hours 
water-saturated surface-dry condition and oven-dry condition expressed as percentage of the latter. 
The test procedure is given in IS:2386-1963 (Part 4). Water absorption is high for porous aggregates. 
It is necessary to provide extra binder in a bituminous premix at the rate of 0.5 per cent for every 
1 per cent water absorption in excess of 2 per cent. 

(v) Aggregates Impact Value : Number of tests are used to evaluate strength characteristics of 
aggregates. A simple test, which is also correlated with other tests, is the Aggregate Impact Test. 
The test procedure is given in IS:2386-1963 (Part 4). The aggregate impact value gives a measure 
of resistance of aggregates degradation due to impact, which differs from characteristics value of 
resistance to crushing under slow compressive load. In the aggregate impact test, 12.5 to 10 mm 
size clean dry aggregates of specified volume are subjected to 15 blows of a 13.5 to 14.0 kg 
hammer falling from a height of 380 ± 5 mm. The weight of the sample of aggregates passing 
2.36 mm sieve after the test expressed as percentage of the original weight is the aggregate impact 
value. The lower the aggregate impact value, the higher is its strength. 

(vi) Soundness : This test indicates the susceptibility of aggregates to disintegration under the action 
of water containing sodium and magnesium sulphates. The test procedure is described in 
IS:2386-1963 (Part 5). Washed and dried aggregates of specified sizes are immersed in saturated 
solution of sodium sulphate/magnesium sulphate for 16 to 18 hours. The sample is then removed 
and dried to constant weight. This forms one cycle. The test is repeated for 5 cycles. After 
5 cycles, the sample is washed, dried in an oven and re-sieved on those very sieves which were 
used before the test. The material retained on each sieve is recorded. The cumulative difference 
between the amounts of material retained on each of the sieves before and after the test is the loss 
due to disintegration and is expressed as percentage of total initial weight of the sample. The 
permissible value for loss in sodium sulphate and magnesium sulphate after 5 cycles are 12 per 
cent and 18 per cent respectively. If the loss is more, then the aggregates are likely to disintegrate 
by water containing such salts. 

(vii) Stripping Value : Stripping is the displacement of bitumen film from a coated road aggregate 
particle in the presence of water. The details of test procedure are given in IS:6241-1971 . In this 
test, 20 to 12.5 mm size aggregates are coated with 5 per cent bitumen under specified conditions 
and immersed in distilled water at 40°C for 24 hours. The average per cent area of aggregate 
surface stripped is assessed visually, while the aggregates are under water. The amount of stripped 
area expressed as per cent, is the stripping value. 
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Appendix-10.5 



Testing of Bituminous Materials 



IS:73-1992 specify the requirements of penetration grade bituminous binders. All the tests are detailed 
in IS:1201, IS:1220, IS: 105 12 and IS:9381. IS:8887-1995 has specified requirement of catiomc bitumen 
emulsions. A few important tests and their significance are briefly described below: 

(A) Tests on Bitumens 

(1) Specific Gravity : Details of test are given in IS -.1202-197 8. It is defined as the ratio of the mass of 
a given volume of the bitumen to the mass of an equal volume of water at 27°C. It is used to 
compute the volume of bitumen and determination of voids in compacted bitumen mixture in Marshall 
method of mix design. It is determined by pyknometer. 

(ii) Water Content Test : This test is specified in IS: 121 1-1978. Water content is determined using 
Dean and Stark method. It is desired that bitumen should contain minimum water content. The 
maximum limit is 0.2 per cent as per IS:73-1992. Water Content more than the specified limit 
causes frothing during heating. 

(in) Flash and Fire Point by Cleveland Open Cup : This test is specified in IS: 1209-1978. It is 
defined as the lowest temperature in °C at which the vapour from heated bitumen catches fire 
momentarily in the form of flash. The fire point is the lowest temperature in °C at which the vapour 
of bitumen ignite on application of flame at least for 5 second. The heating rate is 5°C/minute. This 
test is indicative of fire hazard, if a bitumen is heated beyond flash point. The fire point is usually 
5-10°C higher than flash point. The minimum limit of flash point is 220°C. 

(iv) Softening Point Test (Ring and Ball) : Details of apparatus and procedure are given in IS: 1205- 
1978. Softening point, is a temperature measured in °C, at which a bituminous binder attains a 
particular degree of softness under specified test conditions. Distilled water is used as bath medium 
for bitumens with softening point value below 80°C and glycerol for value beyond 80°C. The 
temperature of bath is raised at 5 C/mmute from 5°C in case of water and from 35°C in case of 
glycerol. The temperature, at which, a standard steel ball (3.5 g) placed over bitumen touches a base 
plate 25 mm below the ring is recorded as softening point. It signifies the temperature at which 
bitumen passes from semi-solid state to liquid state and indicate the atmospheric temperature at 
which the bitumen is likely to bleed. Hence, softening point of a bitumen should be 5-10°C higher 
than the maximum atmospheric temperature. 

(v) Penetration Test : This test is specified in IS: 1203-1978. It is conducted to measure consistency 
and identify the grade of bitumen. It is defined as vertical distance traversed by a standard needle in 
0. 1mm unit under a known load (lOOg), at a fixed temperature (25°C), for a known time (5 second). 
The distance in 0.1mm units is known as penetration. Therefore, the greater the penetration of 
needle, the softer the bitumen. For each test three measurements are needed at 10 mm apart on 
bitumen surface. 



Repeatability : 



if penetration is less than 50, 1 unit 

If penetration is more than 50, 3 per cent of mean 

if penetration is more than 50, 4 units 

If penetration is more than 50, 8 per cent of the mean 



Reproducibility : 
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(vi) Ductility Test : Standard test procedure is described in IS: 1208-1978. Ductility is measured in cm 
and is defined as the distance in cm to which a briquette bitumen specimen will elongate before 
breaking when it is pulled apart at 5 cm/min. rate at 27°C. The corss-section at minimum width of 
specimen is 10 mm x 10 mm. Sample is to be prepared in standard mould and to be placed at 27°C 
for minimum 90 minutes, ll signified the property by virtue of which a bitumen can exist in a thin 
film without breaking. 

(vh) Viscosity Test : Viscosity of bitumen plays a vital role for different operations of bituminous road 

construction. The suggested viscosity values are given below : 

Operation Viscosity, cST 

Pumping 600-800 
Spraying 50-200 
Mixing 150-300 
Laboratory mixing 1 50- 1 90 

Laboratory compaction 250-3 1 0 

Rolling 1000-10,000 

From the viscosity temperature relationship, the appropriate temperature for various operation of 
bituminous road construction can be determined. It is a standard test specified in IS: 1206- 1978. 
Viscosity is defined as resistance to flow due to internal friction of bitumen. In Industrial units, it is 
measured by time in second taken by specified volume of bitumen/cutback bitumen/emulsion to 
flow from 10 mm/4 mm orifice cup of standard tar viscometer or saybolt-furol viscometer. There 
are several cup viscometers available which differs mainly in the size of opening through which 
bitumen is drained. Absolute viscosity = flow time x density x K. The value of K for 4 mm cup 
(STV), 1 0 mm cup (STV), and saybolt-furol viscometer are 0.0132, 0.400 and 0.002 1 8 respectively. 
The test results may be expressed as : kinematic viscosity = flow time x K. It can measure viscosity 
between 320-5600 cSt. Kinematic viscosity is expressed in Stocks, which can be obtained by dividing 
absolute viscosity by density. It is measured by recording time in seconds required for fixed quantity 
of material to flow through a glass capillary viscometer at a given temperature. The product of time 
flow and calibration factor gives the kinematic viscosity. 

(viii)Loss on Heat Test : This test is specified in IS: 1212-1978. It is defined as the per cent loss in 
weight (exclusive of water content) of volatiles, when a sample of bitumen (50 g) is heated at a 
standard temperature (163°C) under specified test conditions. Sample is prepared in a penetration 
cup (55 mm dia and 35 mm depth) and placed in an oven for 5 Va hours on a rotating shelf 
(5-6 revolutions per minute). Penetration test is also conducted on the sample before and after 
heating. This test signified the resistance of a bitumen to hardening during construction. The loss in 
weight and per cent retained penetration values are reported. 




Wt. of bitumen before heating - Wt. of bitumen after heating 




Wt. of bitumen before heating 



Penetration after heating 



Retained Penetration, per cent 



x 100 



Penetration, before heating 
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(ix) Solubility in Trichloroethylene (TCE) : Details of test are given in IS: 1216-1978. It is a measure 
of the purity of bitumen ( 1 -2 g) in the solvent and separating the msolubles by filtering over asbestos 
mat in gooch crucible. The limit for solubility of bitumen in TCE is minimum 99 per cent. 

(x) Stripping Test : Stripping (IS: 6241-1971) is the displacement of bitumen film from coated road 
aggregates in the presence of water. In this test 20-12.5 mm size aggregates are coated with 5 per 
cent bitumen under specified conditions and immersed in distilled water at 40°C for 24 hours. The 
average percentage area of aggregate surface stripped is assessed visually. The amount of stripped 
area expressed as per cent, is the stripping value. The permissible maximum limit is 15 per cent. 

Stripping value of different types of aggregate is invariable. A higher value indicates possibility of 
loss of adhsion between aggregate and bitumen in presence of water. The stripping depends upon 
type of aggregate shape, size, grain size, surface texture, mineralogical composition, moisture, acidity 
and alkalinity. 

(B) Tests on Bitumen Emulsions (IS: 8887) 

(i) Sieve Test on IS 600 Micron Sieve : This test complements the settlement test. It is a stability test, 
used to find out amount of bitumen in the form of larger globules in a emulsion, which cannot be 
determined by settlement test. The larger drops can clog spraying equipment and will not provide 
uniform coating. A specified amount of sample is poured through a IS 600 micron sieve. After 
rinsing with distilled water, the sieve and bitumen are dried in oven. The amount of retained bitumen 
is determined by weighing and reported as residue on sieving. 

(ii) Binder Content : The binder content in bitumen emulsion can be determined by a distillation test. 
A specified, quantity of emulsions sample (50 g) is distilled under specified test conditions. The 
binder content is determined by substracting percentage of water content from 100. The residue is 
used for further testing to check the quality of bitumen in a emulsion. 

(iii) Stability to Mixing with Coarse Aggregates : This test has a three fold purpose. It determines the 
ability (l) to coat the aggregate (ii) to withstand mixing action while remaining as a film on aggregates 
and (iii) to resist washing action of water after completion of mixing. The method is used to determine 
coagulation value using aggregate (200 g) and emulsion (50 g) 

(iv) Viscosity by Standard Saybolt-Furol Viscometer (IS:31 17) : Viscosity is defined as a fluid's 
resistance to flow. In the case of emulsion, the Saybolt-furol viscosity test is used as a measure of 
consistency. Results are reported in Saybolt-Furol seconds. The viscosities of RS (Rapid Setting) 
and MS (Medium Setting) emulsions are determined in seconds at 50°C and of SS (Slow Setting) 
emulsions at 25°C respectively. 

(v) Storage-Stability Test : This test is used to determine the ability of an emulsion to remain as a 
uniform dispersion during storage. A measured quantity of sample is placed in two cylinders 
(stoppered) and allowed to stand for 24 hours. A specified sample is siphoned from the top and 
placed in oven for a set time at a specified temperature. They are removed, allowed to cool and 
weighed after the top sample is removed but a small portion of bitumen emulsion remaining in each 
cylinder is siphoned off. A specified portion that is left is put through the same procedure as for the 
top sample. The storage stability is expressed as the numerical difference between the average 
percentage of bituminous residue found in two top samples and two bottom samples. 
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( vi ) Particle Charge : The particle charge test is conducted to identity catiomc emulsion by its positive 
charge. It is performed by immersing two copper Pates 25x75 mm which are connected to a 12 
volt circuit. At the end of specified period of 2 minutes, an appreciable quantity of bitumen is 
deposited on cathode indicating a cationic emulsion. 

(vii) Miscibility with Water : This test finds, if MS and SS emulsion can be mixed with water. It is 
not applicable for RS emulsions. After adding and stirring with distilled water, the emulsion 
sample is allowed to stand for two hours. It is then examined for any appreciable coagulation of 
the bitumen droplets in an emulsion. This test is a measure of quality of emulsion. 

(vm) Stability with Cement : The cement mixing does the same for SS emulsion, as the test does for 
RS emulsions. In the cement mixing test, a sample is mixed with finely-ground Portland cement 
and mixture is washed over a IS 1 .4 mm Sieve. The amount of material retained may be recorded 
as per cent coagulation. 

(ix) Test on Residue : Penetration, ductility and solubility in trichlorothylene tests are conducted after 
distillation test to check the quality of bitumen. These tests are conducted as per procedures specified 
in IS:1201-1220. 
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Appendix-10.6 

Determination of Temperature of Binder 

The temperature of bituminous binder shall be determined with the help of calibrated standard mercury 
thermometer or any other type of standard thermometer. The range of thermometer for different type of 
bituminous materials and their accuracy shall be as under : 

(1) Melted Bitumen : ambient to 200°C accuracy ± 1°C 

(2) Cutback bitumen : ambient to 100°C accuracy ± 0.5°C 

(3) Bitumen emulsion : ambient to 80°C accuracy ± 0.5°C 

Appendix- 10. 7 

Rate of Spread of Binder in Surface Dressing and Modified Penetration Macadam 

Light metal trays of 20 cm x 20 cm size and 3 cm depth are weighed and numbered. These are placed at 
intervals along the road in the path of bitumen distributor between the wheel tracks. After the distributor has 
passed over, the trays are removed and wrapped in weight sheets of paper so that they can be handled, stocked 
and weighed as soon as convenient. The spacing and the number of trays can be varied to suit the particular 
conditions at the construction site, but at least five trays should normally be used. The tray test gives a measure 
of variation in rate of spread of bitumen along the road and a good approximation to the average rate of spread 
of bitumen. 

The trays are weighed correct to first place of decimal. The maximum longitudinal distribution error in 
rate of spread of bitumen should be within ±10 per cent of the specified rate of spread of bitumen. Similarly 
transverse distribution of bitumen can be checked by placing a number of trays to collect bitumen sprayed over 
each 5 cm width of spray bar. The variation in transverse distribution should be withm ± 20 per cent from the 
mean. The extreme 15 cm width at either side of the sprayed area need not be taken into account. 
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Appendix-J0.8 

Determination of Bitumen Content in Bituminous Mix 

The test is intended for determination of bitumen content m the bituminous mix by cold solvent extraction 
method. The mineral aggregates recovered from the test can be used for checking their gradation. A representative 
bituminous mix sample of about 500 gm by weight is accurately weighed and placed in the bowl of extraction 
apparatus and covered with commercial grade of tnchloroethylene. Sufficient time (not more than one hour) is 
allowed for dissolving the bitumen in solvent. The filter ring of the extractor is dried, weighed and then fitted 
around the edge of the bowl. The cover of the bowl is clamped tightly. A beaker is placed under the dram to 
collect the extract. The machine is revolved slowly and then gradually the speed is increased to a maximum of 
3600 rpm. The speed is maintained till the solvent ceases to flow from the drain. The machine is allowed to 
stop, 200 ml of solvent is added and the above procedure is repeated. A number of 200 ml solvent additions 
(not less than three) are used till the extract is clear and not darker than a light straw colour. The filter ring from 
the bowl is removed, dried first in air and then in oven at 1 15°C to constant weight, and weighed. The fine 
materials that might have passed through the filter paper are collected back from the extract preferably by 
centrifuging. The material is washed and dried to constant weight as before. The percentage of binder in the 
bituminous mix sample is calculated as follows: 

W,-(W 2 + w 3 + W 4 ) 

Percentage of Binder = x 100 

W, 

Where, 

W = weight of sample, gm 

W, = weight of sample after extraction, gm 

W 3 = weight of fine material recovered from the extract, gm 

W 4 = increase in weight of filter ring, gm 
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Appendix-10.9 

Determination of In-Situ Density of Bituminous Course 

The metallic tray of the field density unit is kept on a level spot of the bituminous surface and a hole, 
10 cm in diameter, is cut up to the full thickness of the layer. All bituminous materials removed from the hole 
are carefully collected and weighed. The thickness of the layer is also recorded. 

A known weight of dry standard sand passing 600 micron sieve and retained on 300 micron sieve, is 
taken in the sand-pourmg cylinder. The cylinder is kept directly over the hole, and the shutter of the cylinder is 
released without any jerk and closed when the hole is filled with the sand. The quantity of the residual sand in 
the cylinder as well as the quantity filling the cone of the cylinder are separately weighed. 

The m-situ density of the layer is calculated as follows: 

In-situ density = (A*D)/(W-(W +WJ) gm /cc 

Where, 

A = Weight of bituminous materials removed from the hole cut in the layer, gm 
W = initial weight of sand taken in the cylinder, gm 
W = weight of sand filling the cone of the cylinder, gm 
W, = weight of sand remaining in the cylinder, gm 
D = bulk density of sand, gm/cc. 

Prior calibration for depth of hole, is necessary. 

A ppen dix-10.10 

Rate of Spread of Aggregates in Surface Dressing 

The rate of spread of aggregates by the aggregate spreader or any other suitable means can be checked 
by measuring the area covered by each lorry /truck/any other device of known capacity. This can also be checked 
by removing the spread aggregates from small areas of the road surface and weighing them. A 20 cm square 
metal frame is laid on the new surface dressing, and all the aggregates within the enclosed area are collected, 
washed in solvent to remove bitumen and then weighed, and the rate of spread of aggregates is calculated. It is 
measured along the road at intervals of between 4 m to 8 m. The variation in the rate of spread of aggregates 
should be within ± 20 per cent of the mean. 
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Appendix-10.11 

Checking of Surface Regularity Using a Straight Edge 

The procedure to be followed for checking the surface regularity with a straight edge is as follows: 

(1) The 3 metre straight edge may be made of steel or seasoned hard wood. When made of wood, it may 
be 75 mm wide and 125 mm deep and its test face should preferably be lined with a metallic plate. 
The edge should be perfectly straight and free from warps, rots or defects of any kind. 

(ii) Periodically, the straight edge should be checked for its trueness with a string or a metallic master 
straight edge. The straight edge should be rectified or replaced as soon as the same has lost its 
trueness. 

(hi) The depressions under the straight edge are to be measured with a graduated wedge. The wedge 
should be preferably be metallic but may alternatively be of seasoned upto 25 mm with a least count 
of at least 3 mm. 

(iv) For recording depressions in the longitudinal profile of the road surface, the straight edge is placed 
longitudinally, parallel to the centre line of the road. Measurements along two parallel lines may 
normally be sufficient for a single lane road. 

(v) The straight edge has limitations as regards the measurement of undulations at vertical curves. 
Additional templates or straight edges may be made for this purpose specially if the curves are 
sharp. 

(vi) The straight edge may be placed at the starting point with the wedge inserted between it and the test 
surface, where the gap is maximum, and the reading is taken. The wedge may then be slided forward 
by about 1.5 m distance and the wedge reading is recorded. This process is continued. The straight 
edge need not always be moved forward to record the maximum depression existing at a location. 
Locations with depressions in excess of the specified magnitude should be marked on the surface. 

A team of three persons consisting of two workmen and a supervisor would be required for one straight 
edge and two graduated wedges. The two workmen will operate the straight edge, while the supervisor will 
record measurements with the wedges and do the markings on the road. 
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Appendix-10.12 

Data Sheets for Quality Control Tests 

Form No. BL-l(A) 

Bitumen PenetrationTest 



Sample No.: 
Tanker No. : 
Date of Testing : 



1. 


Pouring Temperature, °c 




2. 


Period of cooling in atmosphere, minutes 




3. 


Room temperature, °c 




4. 


Period of cooling in water bath, minutes 




5. 


Actual test temperature, °c 





Penetrometer dial reading 


Sample No. 


Sample No. 




Test . 
1 


Test . 
2 


Test . 

3 


Mean 
value 


Test 
1 


Test . 
2 


Test . 
3 


Mean 
value 


Initial 


















Final 


















Penetration value 


















Mean Penetration value 



















LAYER 


VALUE 


PERMISSIBLE LIMIT 






(60-70 grade) (80- 1 00 grade) 



Checked by: Tested by 
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Form No. BL-l(B) 



Ductility Test of Bitumen 



Sample No. : Date of sampling: 

Tanker No. : Date of testing: 



1. 


Grade of bitumen 




2. 


Pouring temperature, °C 




3. 


Test tempereture, °C 




4. 


Period of cooling, (minutes) 




4.1. 


In Air 




4.2. 


In water bath before trimming 




4.3. 


In water bath after trimming 





Test property 


Briquette number 


Mean 


(a) 


(b) 


(c) 


value 


Ductility value (cm) 











Layer 


Value 


Permissible Limit 






+ 75 unit 



Checked By : Tested By : 

Form No. BL-l(C) 



Softening Point Test of Bitumen 

Sample No. : Date of sampling : 

Tanker No. : Date of testing : 



1. 


Grade of bitumen 




2. 


Approximate softening point (°C) 




3. 


Period of air cooling (minutes) 




4. 


Period of cooling in water bath (minutes) 





Test property 


Sample No. 1 


Sample No. 2 




Ball No. 


Ball No. 


Temp, at which sample 


1 


2 


1 


2 


touch bottom plate (°C) 










Mean Value, softening point 











Layer 


Value 


Permissible Limit 






+ 40 °C 



Checked By : Tested By : 
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Specific Gravity Test of Bitumen 



Form No. BL-l(D) 



Sample No. : Date of sampling: 

Bitumen grade : Date of testing: 



Sample 


Wt. of 


Wt. of Bottle+ 


Wt. ofBottle+half 


Wt. ofBottle+half 


Specific 


No. 


Bottle 


distilled water 


filled material (gm) 


filled material + 


gravity 




(gm) 


(gm) 




distilled water (gm) 






a 


b 


c 


d 


e 


1. 












2. 












3. 












Average 



Layer 


Value 


Permissible Limit 






+ 0.99 g/cc 



Checked By : Tested By : 

Form No. BL-l(E) 

Wate Content of Bitumens 



Sample Ref. : Date : 

Tanker No. : 
Bitumen Grade : 



Sample 
No. 


Wt. of sample 

before 
heating (wl ) 


Wt. of 
sample after 
heating (w2) 


Water loss 
( w 1 - w2 ) 


Percentage 
Water 
content 


Acceptable 
limit (%) 












0.2 



Layer 


Value 


Permissible Limit 






Max. 2% 



Checked By 



Tested By 



IRC:SP:20-2002 
Form No. BL-l(F) 



Flash Point of Bitumens 

Sample Ref. : Date 
Tanker No. : 

Barometric pressure : mm 
Bitumen grade : 



Sample No. 


Flash point °C 


Corrected flash point 


Acceptable limit 








175°C mm. 



Layer 


Value 


Permissible Limit 






Min. 220°C 



Checked By : Tested By : 

Form No. BL-l(G) 

Viscosity of Bitumens 



Sample Ref. : Date : 

Tanker No. : 
Bitumen grade : 



Sample No. 


Flow time 


Atmospheric Pressure 


Viscosity 


Acceptable limit 










As perIS:73-1992 



Layer 


Value 


Permissible Limit 






As per specifications 



Checked By : Tested By : 
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Form No. BL-l(H) 

Loss on Heat Test of Bitumen by Thin Film Oven 

• Sample Ref. : Date : 

Tanker No. : 
Bitumen grade : 



(a) Per cent loss on heat 



Sample 
Ho. 


Wt. of bitumen 
before heating 
(wl) 


Wt. of bitumen 
after heating 
(w2) 


Percentage loss in wt. 
{(wl-w2)/wl}x 100 


Acceptable limit 










As perIS:73-1992 


(b) Retained penetration percentage 


Sample 
No. 


Penetration before 
heating (1^ 


Penetration 
after heating (1 J 


Retained penetration 
percentage 

{(VI,) x 100} 


Acceptable limit 










As perIS:73-1992 



Layer 


Value 


Permissible Limit 






As per specifications 



Checked By : Tested By : 
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Form No. BL-l(I) 

Solubility of Bitumen in Trichloroethylene 



Sample Ref. : 
Tanker No. : 
Bitumen grade : 



Sample 
No. 


Wt. of Sample 
(wl) 


Wt. of insoluble 
material (w2) 


percentage of solube 

material 
{(wl-w2)/wl}x 100 


Acceptable limit 










99% mm. 



Layer 


Value 


Permissible Limit 






Mm. 99 % 



Checked By : Tested By : 



Form No. BL-l(J) 

Sieve Test for Bitumen Emulsions 



Sample Ref. : Date : 

Tanker No. : 
Type of Emulsion : 



Sample 
No. 


Wt. of sieve 
(wl) 


Wt. of 
sieve + sample 
(w2) 


Wt. of sieve 

+ sample 
after heating 
(w3) 


Sample wt. 
retained after 
heating (w3-wl ) 


Percentage 
!(w3-wl)/ 
(w2-wl ) \ 
100 


Acceptable 
Limit 














As per 

IS:8887- 

1995 



Layer 


Value 


Permissible Limit 






Max. 0.05% 



Checked By : Tested By : 
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Form No. BL-l(K) 
Stability to Mixing with Coarse Aggregates on Bitumen Emulsion 



Sample Ref. : 
Tanker No. : 
Aggregate : Wet/dry 



Sample No. 


Coating of the total 
aggregate surface area by 
the emulsion 






Good/Fair/Poor 





Good = Fully coated 

Fair = Coating applies to the condition of an excess of coated area over on coated area, 
Poor = Applies to the condition of an excess of uncoated area over coated area. 



Layer 


Value 


Permissible Limit 






As per specifications 



Checked By : Tested By : 



Form No. BL-l(L) 
Viscosity of Bitumen Emulsions by Standard Saybolt-Furol Viscometer 



Sample Ref. : Date : 

Tanker No. : 
Type of Emulsion : 



Sample No. 


Test Temperature 


Viscosity (Sec.) 


Acceptable Limit 




25°C 




As perIS:8887-1995 



Layer 


Value 


Permissible Limit 






50-400 second at 50° 
As per IS:8887-1995 



Checked By : Tested By: 
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Form No. BL-l(M) 

Storage Stability Test on Bitumen Fmulsion 



Sample Ref. : Date : 

Tanker No. : 



Sample 


% of residue 


% of residue 


Settlement 


Acceptable limit 


No. 


from top sample 


from bottom sample 


(B-A) 






(A) 


(B) 














As per IS:8887-1995 



Layer 


Value 


Permissible Limit 






Max. 1% 



Checked By : Tested By : 

Form No. BL-l(N) 

Particle Charge of Emulsion 



Sample Ref. : Date : 

Tanker No. : 
Type of Emulsion : 



Sample 
No. 


Wt. of sample 


Wt. of 
emulsion on 
cathode 


% of cationic 
emulsion 


Acceptable 
Limit 










As per 
IS:8887-1995 



Layer 


Value 


Permissible Limit 






+ve 



Checked By : Tested By : 



287 



IRC:SP:20-2002 



Form No. BL-l(O) 

Miscibility of Bitumen Emulsion with Water 



Sample Ref. : Date : 

Tanker No. : 
Type of Emulsion : 



Sample No. 


Total Volume 
(Distilled water + 
emulsion) (v) 


% appreciable 
coagulatiom of 
asphalt content 


Acceptable limit 








As perIS:8887-1995 



Layer 


Value 


Permissible Limit 






Nil 



Checked By : Tested By : 



Form No. BL-l(P) 

Stability of Bitumen Emulsion with Cement 



Sample Ref. : Date : 

Tanker No. : 
Type of Emulsion : 



Sample No. 


Wt. of 
sieve (wl) 


Wt. of sieve 
+ Wt. of sample 
mixed with 
emulsion 


Wt. of sieve + 
Wt. of sample 
after washing 


Stability % 
with cement 
{(w3-wl)/(w2-wl) 
x 100 


Acceptable limit 












As perIS:8887- 
1995 



Layer 


Value 


Permissible Limit 






Max. 2% (SS) 



Checked By 



Tested By: 
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IRC:SP:20-2002 
Form No. BL-l(Q) 



Wax Content of Bituminous Material 



Sample Ref. : Date : 

Tanker No. : 
Grade : 



Sample 
No. 


Mass of 
weighing flask 
(wl) gm. 


Mass of 
weight flask 
plus wax 
(w2) gm. 


Mass of 
sample 
(s) gm. 


Wax % 
{(w2-wl)/s}* 
100 


Acceptable 
limit 












As per 
IS:73-1992 



Layer 


Value 


Permissible Limit 






Max. 4.5 % 



Checked By : Tested By : 



Form No. BL-2 

Determination of Temperature of Binder 



Ref. Thermometer : Dated : 

Range & Least Count : 
of thermometer 



Time 


Temperature 


Acceptance Limit 






As per 
contract document 



Layer 


Value 


Permissible Limit j 






i 
i 



Checked By : Tested By : 
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IRC:SP:20-2002 



Form No. BL-l(O) 

Miscibility of Bitumen Emulsion with Water 



Sample Ref. : 
Tanker No. : 
Type of Emulsion : 






Date : 


Sample No. 


Total Volume 


% appreciable 


Acceptable limit 




(Distilled water + 


coagulatiom of 






emulsion) 


asphalt content 






(v) 












As perIS:8887-1995 



Layer 


Value 


Permissible Limit 






Nil 



Checked By : Tested By : 

Form No. BL-l(P) 

Stability of Bitumen Emulsion with Cement 



Sample Ref. : Date : 

Tanker No. : 
Type of Emulsion : 



Sample No. 


Wt. of 
sieve (wl) 


Wt. of sieve 
+ Wt. of sample 
mixed with 
emulsion 


Wt. of sieve + 
Wt. of sample 
after washing 


Stability % 
with cement 
{(w3-wl )/(w2-wl ) 
x 100 


Acceptable limit 












As perIS:8887- 
1995 



Layer 


Value 


Permissible Limit 






Max. 2% (SS) 



Checked By : Tested By: 
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IRC:SP:20-2002 



Form No. BL-l(Q) 

Wax Content of Bituminous Material 



Sample Ref. : Date : 

Tanker No. : 
Grade : 



Sample 
No. 


Mass of 
weighing flask 
(wl) gm. 


Mass of 
weight flask 
plus wax 
(w2) gm. 


Mass of 
sample 
(s) gm. 


Wax % 
{(w2-wl)/s}* 
100 


Acceptable 
limit 












As per 
IS:73-1992 



Layer 


Value 


Permissible Limit 






Max. 4.5 % 



Checked By : Tested By : 



Form No. BL-2 

Determination of Temperature of Binder 



Ref. Thermometer : Dated : 

Range & Least Count : 
of thermometer 



Time 


Temperature 


Acceptance Limit 






As per 
contract document 



Layer 


Value 


Permissible Limit 









Checked By : Tested By : 
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IRC:SP:20-2002 



Form No. BL-3 

Checking Rate of Spread of Binder in Surface Dressing 
and Bitumen Bound Aggregate Course 



Tray Size : 20 x 20 x 3 cm. Date : 



Tray No. 


Wt. of Bitumen on 
tray 


Rate of spread 


Acceptable limit 








+ 10% of the specified 
rate of spread in contract 
document 



Layer 


Value 


Permissible Limit 






As per specifications 



Checked By : Tested By : 

Form No. BL-4/GB-1/RP-7 



Aggregate Impact Value of Aggregate 
[IS:2386 (Part-4)] 



Sample No. : Date : 

Name of Quarry /Location : 
Date of Testing : 



Observations 


Test Nos. 


Av. 


1 


2 


3 


Weight of aggregate sample filling in 
the cylinder = Wl (gm) 










Weight of aggregate passing 2.36 mm 
sieve after the test = W2 (gm) 










A.I.V. - W2/W1 x 100 











Layer 


Value 


Permissible Limit 






<30% for wearing course 



Checked By : Tested By: 
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IRC:SP:20-2002 



Form No. BL-5/GB-3 

Flakiness Test of Aggregate 
(IS:2386 Part-1) 



Sample No. : 

Name of Quarry /Location : 
Date of Testing : 



Size of aggregate 


Wt. of the fraction 

consisting of 
at least 200 pieces 
(gm) 


HP1 1 

Thickness gauge 
size, (0.6 times the 
mean sieve) 
(mm) 


Weight ot 
aggregate in 
each fraction 
passing thickness 
gauge, (gm) 


Passing 
Through 
I.S. Sieve, 
(mm) 


Retained on 
I.S. Seive, 
(mm) 


63 


50 


Wl = 


23.90 


w, = 


50 


40 


W2 = 


27.00 


w 2 = 


40 


31.5 


W3 = 


19.50 


w 3 = 


31.5 


25 


W4 = 


16.95 


W 4 = 


25 


20 


W5 = 


13.50 


W s = 


20 


16 


W6 = 


10.80 


W 6 = 


16 


12.5 


W7 = 


8.55 


w 7 = 


12.5 


10 


W8 = 


6.75 




10 


6.3 


W9 = 


4.89 


w 9 = 


Total 




W = 




w = 



Flakiness Index (F.I.) = x 100 = (%) 

W 



Layer 


Value 


Permissible Limit 






As per Specifications 



Checked By : Tested By : 
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IRC:SP:20-2002 



Form No. BL-6 

Data Sheet for Stripping Test of Aggregate 



Sample No. : 


Date of sampling : 


Name of Quarry /Location: 


Date of Testing : 


TvDe of aggregate: 




Type of binder 




Percentage of binder 




used: 




Total weight of aggregate: 




Total weight of binder: 




Temp, of water bath: 




Number of observations 


Stripping (%) 


1. 




2. 




3. 




Average value 





Layer 


Value 


Permissible Limit 






Max. 15% 



Checked By : Tested By : 
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IRC:SP:20-2002 



Form No. BL-7/GB-5 



Water Absorption Test of Aggregate 
[(IS:2386 (Part-3)] 



Sample No. 

Name of Quarry /Location : 
Size of aggregate : 



Date of sampling : 
Date of Testing : 

Type of aggregate: 



Observations 


Test Number 


1 


2 


Mean value 


Wt. of saturated surrace dry aggregate in air (Wl) gm 








Wt. of oven dried aggregate in air (W2) gm 








Water absorption - (W1-W2) x 100/W2 (%) 








Mean value of Water absorption = 









Layer 


Value 


Permissible Limit 






Max. 2% 



Checked By 



Tested By : 
Form No. BL-8/GB-2/RP-6 



Road/Section Details 
Sample No. : 



Data Sheet for Sieve Analysis of Aggregate 
(IS:2386 Part-1) 

Date : 

Weight of sample taken : 



(gm) 



I.S 

Sieve 

designation 


Wt. of sample 

retained 

(gm) 


Per cent ofWt. 
retained 

(%) 


Cumulative per cent 
of Wt. retained 

(%) 


Percentage of 

Passing 

(%) 











































Layer 


Value 


Permissible Limit 






As per specifications 



Checked By 



Tested By 
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[ 



IRC:SP:20-2002 

Form No. BL-9/BL-14 

Binder Content Test 

Name & Category of the Road : Type of Wearing Course : 

Chamage of the Section : Date of Testing : 



SI. No 


Observations 


1 


2 


3 


1. 


Wt. of mix taken before extraction (A) 








2. 


Wt. of filter paper before extraction (B) 








3. 


Wt. of mix after extraction (C) 








4. 


Wt. of filler paper after extraction (D) 








5. 


Wt. of filler collected from extract after allowing for setting (E) 








6. 


Wt. of filler collected in filter paper (B-D) = F 








7. 


Wt. of aggregate + filler collected after extraction (C + E + F) = G 








8. 


Percentage of Bitumen (m the mix) (A-G) x 100 

A 









Layer 


Value 


Permissible Limit 






As per specifications 



Checked By : Tested By : 
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IRC:SP:20-2002 

Form No. BL-10/EW-7/GB-6/RP-/SB-5 

Depth of Pavement Quality Concrete/Dry Lean Cement Concrete/Dry Lean Cement 
Flyash Concrete/Roller Compacted Concrete Slabs at the Time of Construction 



Sample Identification No. 




Date of Testing: 


No. of Reading : At every 3 meter 
longitudinally and transversely 



Sl.No. 


Location No. 


Measurement 


Specified 


Deviation to be corrected 






of Depth using 


Depth 


more than or less than specified 






Wooden 


(cm) 


(cm) 






Blocks (cm) 






1. 










2. 










3. 










etc. 










Average Depth (cm) 





Layer 


Value 


Permissible Limit 






Specified depth 


Variation shall be within 
specified limit as 
mentioned in 
Quality Control Chapter 



Checked By : Tested By 
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IRC:SP:20-2002 



Form No. BL-11 

In-Situ Density of Bituminous Course 



Location: Date: 



(A) 


w 


wl 


w2 


D 


{(AxD)/w- 


Acceptable 


Wt. of bitumens 


Initial 


weight of 


weight of 


Bulk 


(wl+w2)} 


Limit 


material 


weight of 


sand filling the 


sand 


density 


x 100 




removed 


sand taken 


cone of cylinder 


remaining in 


of sand 


In-situ 




from hole cut 


in the 


gm. 


the cylinder 


gm/cc. 


density 




in the layer 


cylinder, 




gm. 








gm. 


gm. 
























As per 














contract 














document 



Layer 


Value 


Permissible Limit 






As per specifications 



Checked By : Tested By : 

Form No. BL-12 



Rate of Spread of Aggregate in Surface Dressing 



Location : Date : 



Area considered for 
test 


Wt. of aggregate 


Rate of spread 


Acceptable limit 








The variation in the rate spread 

of aggregates should be within + 20 per 

cent of the mean 



Layer 


Value 


Permissible Limit 






As per specifications 



Checked By : Tested By : 
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IRC:SP:20-2002 



Form No. BL-13/RP-8 

Soundness Test of Aggregate 

Sample No. : Date of sampling : 

Name of Quarry /Location: Date of Testing: 

Type of reagent used: Number of cycle: 
Type of coarse aggregate sample: 



Sieve size, 
mm 


Grading of 
original sample 

(%) 


Wt. of each 
fraction before 
test, gm 


Percentage 
passing finer 
sieve after test 
(actual per cent 
loss) 


Weighted 

average 

(corrected 

percentage 

loss) 


Passing 


Retained 


1 


2 


3 


4 


5 


6 


60 


40 










40 


20 










20 


10 










10 


4.75 










Number of particles coarser than 
20 mm before test 


Number of particles affected, classified as to the 
number disintegrating, splitting, crumbing, cracking or 
or flanking 


Passing 


Retained 


Number 
before test 


40 mm 


20 mm 










60 mm 


40 mm 











Layer 


Value 


Permissible Limit 






Max. 12*%/ 18%** 



Sodium sulphate solution **Magnesium sulphate solution 



Checked By : Tested By : 
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IRC:SP:20-2002 



Form No. EW-l/SB-1 

Sieve Analysis [IS:2720 (Part 4)-1985] 



Road/Section Details: Date: 



Dry Sieving: 






Weight of soil sample taken: 


(gm) 


I.S. Sieve 


Weight of sample 


Per cent of weight 


Cumulative per cent of 


Percentage 


designation 


retained 


retained 


weight retained 


Passing 




(gm) 


(%) 


(%) 


(%) 


40 mm 










25 mm 










20 mm 










10 mm 










4.75 mm 











Wet Sieving 



Wt. of Sample taken: (gm) 



I.S. Sieve 


Weight of sample 


Per cent of weight 


Cumulative per cent of 


Percentage 


designation 


retained 


retained 


weight retained 


Passing 




(gm) 


(%) 


(%) 


(%) 


2.36 mm 










1.18 mm 










600 micron 










425 micron 










75 micron 











Summary of Results 



Clay/silt (-75 micron) (%) 




Sand (-4.75 mm, + 75 micron) (%) 




Gravel (-40 mm, + 4.75 mm) (%) 





Layer 


Value 


Permissible Limit 






Not Specified 



Checked By : Tested By : 
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IRC:SP:20-2002 



Form No. EW-2/GB-4/SB-2 
Liquid Limit & Plastic Limit Tests (IS:2720 Part-5) 



Sample No. : Date of Testing : 

Sample Details: Type of Soil: 

Determination of Liquid Limit (LL): 



Sl.No. 


No. of 
Blows 


Tin 
No. 


Wt. of 

Tin 

(gm) 


Wt. of Tin 
+ wet woil 
(gm) 


Wt. of Tin 
+ dry soil 
(gm) 


Loss of 

water 

(gm) 


Wt. of 
dry soil 
(gm) 


Moisture 
content 

(%) 

































































































































Liquid Limit (LL) = (%) 



Layer 


Value 


Permissible Limit 






< 70% 



Determination of Plastic Limit (PL): 



SI. 
No. 


Tin 

No. 


Wt. of 

Tin 

(gm) 


Wt. of Tin + 
wet soil 
(gm) 


Wt. of Tin + 
dry soil 
(gm) 


Loss of 

water 

(gm) 


Wt. of dry 

soil 

(gm) 


Moisture 
content 

(%) 



















































Plastic Limit (PL) = (%) 

Plasticity Index (LL-PL) = 



Layer 


Value 


Permissible Limit 






< 40% 



Checked By.: Tested By : 
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IRC:SP:20-2002 



Form No. EW-3/EW-6 

Moisture Content Test of Soil 



Name & Category of the Road: Date of Testing: 

Location of test point: Type of soil (visual): 



Sample 
No. 


Tin 

No. 


Wt. of Tin 
(gm) 


Wt. of Tin + 
wet soil 
(gm) 


Wet.ofTin + 
dry soil 
(gm) 


Loss of 

water 

(gm) 


Wt. of dry 

soil 

(gm) 


Moisture 
content 

(%) 



































Layer 


Value 


Permissible Limit 






Not Specified 



Checked By : Tested By 
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IRC:SP:20-2002 
Form No. EW-4 

Proctor Density Test of Soil (IS:2720 Part-7)-1983] 



Road/Section Details : 


Date : 


Sample No.: 


Weight of Dry Soil: 


Description of sample 




Type of test 


Standard Proctor 


Volume of mould (cc) 




Per cent retained on 20 mm IS Sieve 





S. No. 


Weight of mould + 
compacted soil (gms) 


Weight of wet soil (gms) 


Wet density (gn./cc) 


Moisture content determination 


Dry density (gm/cc) 


Container No. 


Weight of 
container (gms) 


Weight of 
container + wet soil 
(gms) 


Weight of dry soil 
(Ws) (gms) 


Weight of water 
(gms) 


Weight of 
container + Dry soil 
(gms) 


Moisture 
Content (%) 


1. 
























2. 
























3. 
























4. 
























5. 
























6. 

























Layer 


Value 


Permissible Limit 






Not specified 



Checked By : Tested By : 
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IRC:SP:20-2002 



Form No. EW-5(A)/SB-8 
C.B.R. Test of Soil [IS:2720 (Part-16)] 



Sample No.: Date of Testing: 

Sample Details: Capacity of Proving Ring: 

Date of casting of Mould: Value of one divn. In : kg. 



j i mc u i 


r tilcll diion 


Proving Ring 


Load Intensity 


Corrected 


jidnuaru 


Unsoaked/Soaked 


Average 


Penetration 




Reading 


(kg/cm 2 ) 




Load 




Load 


C.B.R. (%) 




L^.tS.K. 


@ 1.25 






(A) x One divn. 


Intensity 


Intensity 


Cx 


100 




(%) 


mm/Min. 






Value Area of 


(kg/cm 2 


1 


(kg/cm 2 ) 


D 












Plun 


ger 
























(A) 


(B) 


(C) 


(D) 


- (E) 




Min. Sec. 


(mm) 


i 


ii 


iii 


i 


ii 


iii 


i 


ii 


iii 


Std. 


i 


ii 


iii 




0 - 0 


0.0 






























0 - 24 


0.5 




















0 - 48 


1.0 




















1 - 12 


1.5 




















1 - 36 


2.0 




















2 - 0 


2.5 




















70 










2-24 


3.0 






























3-12 


4.0 




















4 - 0 


5.0 




















105 










6 - 0 


7.5 




















134 










8 - 0 


10.0 




















162 










1 0 - 0 


12.5 




















183 











Av. C.B.R. at 2.5 mm penetration: (%) 

Av. C.B.R. at 5.0 mm penetration: (%) 

Av. Saturation Moisture Content: (%) 

Av. Swelling: (%) 



Layer 


Value 


Permissible Limit 






Design CBR 



Checked By : Tested By : 
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IRC:SP:20-2002 



Form No. EW-5(B)/SB-3 
Moisture Content Test of Soil (IS:2720 Part-2) 



Sample No. : 
Sample Details: 
Date of Testing: 



Mould 
Nos. 


Tm 
No. 


Tin 
wt. 
(gm) 


Tin + wet. 
Soil wt. 
(gm) 


Tin + Dry 
Soil wt. 
(gm) 


Loss of 
Water 

[(B)-(C)] (gm) 


Dry Soil wt. 
[(C) - (A)] 
(gm) 


M.C. 
Dx 100 
E 


(A) 


(B) 


(C) 


(D) 


(E) 


(%) 


i. 
















ii. 
















iii. 
















Average S.M.C. (%) 





Layer 


Value 


Permissible Limit 






Not any 



Checked By : Tested By : 

Form No. EW-5(C) 

Swelling Test of Soil 



Sample No. : Date of casting specimen : 

Sample Details : Date of testing: 



Mould 


Height 


Dial gauge reading 


L.C. of 


Total 


Swelling 


Nos. 


Specimen 






dial 


Swelling 


EX 100 










gauge 


(C-B)XD 


A 




(mm) 


Initial 


Final 


(mm) 


(mm) 


(%) 




A 


B 


C 


D 


E 




1 














2 














3 















Layer 


Value 


Permissible Limit 






<2% 



Checked By : Tested By : 



305 



IRC:SP:20-2002 



Form No. EW-8/SB-4 

Density of Sand 



Date of Testing: 

Type of Sand : + 600 u. - 1 .0 mm 



SI. 






Test Nos. 


No. 


Observations 




1 


2 


1. 


Wt. of sand taken (gm) 






2. 


Volume of calibrating cylinder (cc)/ml 


V 






3. 


Wt. of sand remaining after filling cylinder and cone (i 


mi) 






4. 


Wt. of sand released in cylinder and cone (gm) 






5. 


Wt. of sand required to fill the cone (gm) 






6. 


Wt. of sand required for filling the cylinder (gm) 


M 






7. 


Density of sand- (gm/cc) M/V 







Field Compaction Test of Soil (IS:2720 Part-28) 



Name & Category of the Road: Date of Testing: 

Location of test point: Thickness of layer: cm. 

Type of layer: 



Sl.No. 


Observations 


Testl 


Mos. 


1 


2 


1. 


Wt. of sand taken (gm) 






2. 


Wt. of wet soil removed (gm) 






3. 


Wt. of sand remaining after filling hole & funnel (gm) 






4. 


Wt. of sand released (gm) 






5. 


Wt. of sand requied to fill the cone (gm) 






6. 


Wt. of sand filling the hole (gm) 






7. 


Density of sand (gm/cc) 






8. 


Moisture content (%) 






9. 


Density of soil (gm/cc) 






Moisture content 


SI. No. 


Observations 


1 


2 


1. 


Tin No. 






2. 


Wt. of Tin (gm) 






3. 


Wt. of Tin + wet soil (gm) 






4. 


Wt. of Tin + dry soil (gm) 






5. 


Loss of water (gm) 






6. 


Wt. of dry soil (gm) 






7. 


Moisture content (%) 







Layer 


Value 


Permissible Limit 






>97% (Embankment) 






>100%(Subgrade) 



Checked By : Tested By : 



306 





IRC:SP:20-2002 




Form No. RP-l(A) 


Consistency of Cement by Making Standard Cement Paste 


As per IS:4031 (Part-4)-1988 




-Sample Identification No. : 


Date of Testing: 


No. of Samples: 



Sl.No. 


Specimen No. 


Net weight of 
Cement (gm) (Wc) 


Weight of 
water required for 
penetration of 5 to 
7 mm 

from the Bottom 
(gm) (Ww) 


Per cent water for standard 
consistency (%) 
Ww 

x 100 

Wc 


1. 




500 






2. 




500 






3. 




500 






etc. 










Average Standard Consistency (%) 



Layer 


Value 


Permissible Limit 






Normal Range of Standard 
Consistency (%) 25-32% 



Checked By : Tested By : 
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IRC:SP:20-2002 



Form No. RP-l(B) 

Mortar Cube Compressive Strength of Cement 
As Per IS:4032 (Part-6)-1988 



Sample Identification No. 


Age (Days) 3, 7, 28 days 


Date of Testing 


No. of Sample = 3 for each test 


Temperature and Humidity 


27 + 20C, Relative Humidity = 90 per cent 


Mix Proportion by weight 


200 g cement: 600 g Standard sand 


Rate of Loading 


350 kg/sqcm/mmute 


Water 


[(P/4) +3] per cent by weight of total dry matenal, where 
P = Standard Consistency as determined above 



Sl.No. 


Specimen 
No. 


Plan Area of 

cube mould 

7.06x7.06 

(cm 2 ) 

A 

p 


Maximum Applied Load 
Just Before Failure 

(3/7/28 days) 

(kg) 

W f 


Compressive Strength 
(kg/cm 2 ) 

(W/A ) = 
S 

a 


1. 










2. 










3. 










etc. 










Average : compressive strength of sample (kg/cm 2 ) 



Layer 


Value 


Permissible Limit 






Specified 
Compressive 
Strength of 
Sample (kg/cm 2 ) 
3, 7, 28 days 


Given in the 
Material Chapter 
for 33 Grade and 
43 Grade Cement 
As per IS:269 and 
IS:81 12 



Checked By : Tested By : 
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IRC:SP:20-2002 



Form No. RP-l(C) 

Initial and Final Setting Time of Cement by Making 
Neat Cement Paste As Per IS:4031 (Part-5)-1988 



Sample Identification No.: 


Date of Testing: 


No. of Samples 


Weight of Water (gm) 


0.85P, where P = Standard consistency 



Sl.No. 


Specimen 
No. 


Net Weight of 
Cement (gm) 
(W c ) 


Time required for penetration of (Minutes) 


5+0.5 mm from the 
Bottom for Initial Setting 
Time 


Needle makes an 
impression while 
attachment fails to do 
so for Final Setting Time 


1. 




500 






2. 




500 






3. 




500 






etc. 










Average Initial Setting Time (Minutes) 




Average Final Setting Time (Minutes) 













Layer 


Value 


Permissible Limit 






Minimum Specified Initial 
Setting Time (Minutes) as per 
IS:269-1984/IS:81 12-1989 


30 Minutes 


Maximum Final Setting Time 
(Minutes) as per 
IS:269-1984/IS:81 12-1989 


600 Minutes 



Checked By : Tested By : 
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IRC:SP:20-2002 



Form No. RP-l(D) 

Fineness of Cement (Blain Air Permeability Method) 
As per IS:4031 (Part-2)-1988 



Sample Identification No. : 




Date of Testing: 


No. of Samples 



S.No. 


Specimen 


Net Weight of 


Time required 


Permeability 




No. 


Cement (gm) 
(W) 






as per IS:4032 (Part 2) 
Sq.cm/gm 






= pV(l-e), 






















where 


Measured 


Measured 








p=mass 


time interval 


Time Interval 








density 


in seconds 


in Seconds with 








g/cucm 


with cement 


Standard Sample 








V = Bulk 


sample 










volume of bed 












of cement, 












cucm 












e=Desired 












porosity 








1. 












2. 












3. 












etc. 












Average Permeability, Sqcm/gm 







Layer 


Value 


Permissible Limit 






Minimum Specified value of 
fineness sqcm/gm as per 
IS:269/IS:8112 


Details given in 

Material 

Chapter 



Checked By : Tested By : 
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Form No. RP-l(E) 

Soundness of Cement by Making Neat Cement 
Paste As Per IS:4031 (Part-3)-1988 



Sample Identification No.: 


Date of Testing: 


No. of Sample 


Weight of Water (gm) 


0.78P, where P = Standard consistency 



Sl.No. 


Specimen 
No. 


Weight of 
Cement (gm) 
(W c ) 


Distance separating the indicator points (mm) 




Before submerging 
the mould with sample 
into the boiling water 


As submerging the 
mould with sample into 
the boiling water for 
3 hours 


1. 




500 






2. 




500 






3. 




500 






etc. 








Average distance (mm) 





Layer 


Value 


Permissible Limit 






Maximum Specified 

Distance 

IS:269/IS:8112 


Not more 
than 1 0 mm 



Checked By : Tested By : 
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Form No. RP-2(A) 
Compressive Strength of Concrete Cube as per IS:516-1959 



Sample Identification No. : 


Age (Days) 7 and 28 days 


Date of Testing: 


Minimum No. of samples = 3 for each test 


Temperature and Humidity 


27 + 2°C, Relative Humidity = 90% 


Mix Proportion by weight 


As specified or as per mix design IRC:44/IS: 10262- 1982 


Rate of loading 


140 kg/sqcm/mmute 


Workability 


As per the requirement of Slump/Compaction Factor 



S.No. 


Specimen 


Plan Area 


Maximum Applied 




Compressive Strength 




No. 


of cube 


Load Just Before 




(kg/cm 2 ) 






mould 


Failure 7 and 28 days (kg) 




(W/A p ) = 






15x15 


W f 




S 

a 








(cm 2 ) 












A 

p 


















7 days 


28 days 


1. 












2. 












3. 












etc. 












Averag 


e Compressive Strength of Concrete Sample (kg/cm 2 ) at 7 and 28 days 






nearest to 1 kg/sqcm 















Layer 


Value 


Permissible Limit 






Specified Compressive Strength 
for concrete sample (kg/cm 2 ) 
at 7 and 28 days 


Individual Variation = 
+ 15% of the average 



Checked By : Tested By : 
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Form No. RP-2(B) 
Flexural Strength of Concrete Beam as per IS:516-1959 



Sample Identification No.: 


Age (Days) 7 and 28 days 


Date of Testing: 


Minimum No. of Samples = 3 for each test 


Temperature and Humidity 


27 + 2°C, Relative Humidity = 90% 


Mix Proportion by weight 


As specified or as per Mix Design IRC:44/ 
IS:1 0262- 1982 


Rate of loading 


7 kg/sqcm/mmute or 100 kg/minute 


Workability 


As per the requirement or Slump/Compaction Factor 



Sl.No. 


Specimen 
No. 


Size of beam mould 

10 x 10x50 

L = 40 cm 

B = 10 cm 

D= 10 cm 

L - Effective Length 

B - Breadth 

D - Depth 


Maximum Applied 
Load Just Before 
Failure at 7 and 28 
days (at two points) 
as perIS:516-1959 

(kg) 
W 


Flexural Strength 
(kg/cm 2 ) 

(W f L/BD 2 ) if a 
>11 cm 

(3 W f L/BD 2 ) if a less 

than 13.3 cm 

but greater than 1 1 cm. 

a = equals the distance 
between the line of 
fracture and the 
nearest support measured 
on central line of the 
tensile side of the specimen 
7 days 28 days 


1. 












2. 












3. 












Average flexural strength of concrete sample (kg/cm 2 ) at 7 and 28 days, 




nearest to 0.5 kg/sqcm 




Specified flexural strength of concrete sample (kg/cm 2 ) at 7 and 28 days 




Layer 


Value 


Permissible Limit 








Specified flexural Strength 
of Concrete Sample (kg/cm 2 ) 
at 7 and 28 days 


Individual Variation = 
+ 15% of the average 

The flexural strength of 
concrete for pavement 
quality concrete or roller 
compacted concrete for 
wearing course shall not be 
less than 40 kg/cm 2 



Checked By : Tested By : 
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Form No. RP-4 

Recording Testing of Water 
As per IS:456-2000 



Sample Identification No. : 




Date of Testing: 


No. of Samples 


Quality of Water 


Water which is free from harmful oil, acids, alkalis, salts, sugar, 
organic materials or other substances that may be deleterious 
to concrete or steel. 


Weight of Water (gm) 





Sl.No. 


Specimen No. 


Weight of 
Water Sample 
(gm) 


Tests Performed 


Name of the Test 


1. 






Solids matter 


2. 






Organic matter 


3. 






Inorganic matter 


4. 






Sulphates (as S0 4 ) 



Layer 


Value 


Permissible Limit Max. 






Solids matter 


Organic/Inorganic 


Organic matter 


200 mg/1 


Inorganic matter 


3000 mg/1 plain concrete 


Sulphates 
(as S0 4 ) 


400 mg/1 for plain concrete 






Chloride (as CI) 


2000 mg/1 for plain concrete 






Suspended 
matter 


2000 mg/1 



Checked By : Tested By : 
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Form No. RP-5 

Workability of Concrete 



Sample Identification No.: 




Date of Testing: 


No. of Sample 


Quality of Concrete 


Good/Bad 


Weight of Water (gm) 





Sl.No. 


Specimen 
No. 


Concrete taken from 
(Place) 


Value of slump test or compacting factor test 


1. 








2. 








3. 








4. 









Layer 


Value 


Permissible Value 






Slump 


10-25 mm 






Compacting 
Factor 


0.87 + .03 


Checked By : 






Tested By : 
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Form No. SP-1 

Water Absorption of Paver Blocks 



Sample Identification No.: 


Age (Days) 


Date of Testing: 


No. of Samples 



Sl.No. 


Specimen 


Wet Weight of 


Dry Weight of 


Per cent Water Absorption 




No. 


Block (gm) 


Block (gm) 


W -W„ 

w a 






(w w ) 


(W d ) 


x 100 








1. 










2. 










3. 










etc. 










Avcrag 


e Water Absorpt 


ion of Sample (%) 







Checked By : Tested By : 

Form No.SP-2 

Compressive Strength of Paver Blocks 



Sample Identification No. 


Age (Days) 


Date of Testing: 


No. of Samples 



Sl.No. 


Specimen No. 


Plan Area 


Maximum 


Apparent 


Corrected 






(cm 2 ) 


Applied Load 


Compressive 


Compressive 






A 

p 


Just Before 


Strength 


Strength 








Failure 


(kg/cm 2 ) 


(kg/cm 2 ) 








(kg) 












W f 


(W/A) = 


S a x Factor 










From Table 10.12 










S 


as applicable 


1. 












2. 












3. 












etc. 












Averag 


s Corrected Compressive Strength of Sample (kg/cm 2 ) 





Checked By : • Tested By : 
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CHAPTER 11 
MAINTENANCE 

11.1. Introduction 

Road maintenance is a routine work performed to upkeep pavement, shoulders and other facilities provided 
for road users, as nearly as possible in its constructed conditions under normal conditions of traffic and forces 
of nature. The maintenance is essential to get optimum service from the pavement structure during its life 
period. All pavements require maintenance as they are subjected to the traffic and environmental effects. 
Maintenance helps in preserving the pavement surface, and prevents untimely rehabilitation. Also, the 
maintenance of shoulders, CD works and road furniture is equally important. Unsealed roads get deteriorated 
at faster rate as compared to the sealed roads and hence needs greater attention. Also maintaining the cross 
profile (for proper surface drainage) and repair of pot holes need special attention. Maintenance requirements 
are also dependent on traffic, terrain, soil type etc. However, there are proven maintenance methods, which are 
applicable to the different regions in the country. 

11.2. Distresses/Defects in Pavements 

Various types of distress/defects of pavements are listed below: 

I. Flexible Pavements 

(i) Cracks: Separation of the pavement due to natural causes, traffic action, or reflections from an underlying pavement. 

(ii) Alligator Cracks: Interconnected cracks forming a series of small blocks resembling an alligator's skin or chicken wiremesh 

(iii) Bleeding: The upward movement of bitumen in a bituminous pavement resulting in the formation of a film of bitumen on 
the surface. 

(iv) Corrugations: A form of plastic movement typified by ripples across the pavement surface. 

(v) Depression/Settlement: Localised low areas of limited size that may or may not be accompanied by cracking. 

(vi) Disintegration: The breaking up of a pavement surface from its original shape. 

(vii) Ravelling: The progressive separation of aggregate particles in a pavement from the surface downward or from the edges 
inward. 

(viii) Rutting: channelised depressions that may develop in the wheel tracks of the bituminous pavement. 

(ix) Potholes: Bowl shaped holes of varying sizes in the pavement, resulting from localised disintegration. 

(x) Shoving: A form of plastic movement resulting in localised bulging of pavement. 

(xi) Upheaval: The localised upward displacement of a pavement due to swelling of the subgrade or some portion of the 
pavement structure. 

II. Semi-Rigid and Rigid Pavements 

(i) Blow-up: The localised buckling or shattering of a rigid pavement occurring usually at transverse crack or joint. 

(ii) Pumping: The ejection of mixture of water, sand, clay and/or silt under passing wheel loads, along transverse or longitudinal 
joints and cracks and along pavement edges. 

(iii) Reflection cracks: Cracks in the asphalt overlays that reflect the crack pattern in the rigid pavement structure underneath. 

(iv) Scaling: The peeling away or disintegration of cement concrete pavement. 

(v) Spalling: The excessive joint deformation in concrete pavement leading to over-hang of slabs at joints and subsequent 
cracking. 

11.3. Definitions of Maintenance Activities 

Some of the terms related to the maintenance activities are defined below : 

(i) Fog Seal: A light application of slow-setting asphalt emulsion diluted with water. It is used to renew old asphalt surfaces 
and to seal small cracks and surface voids. 
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(ii) Prime Coat: An application of a single coat of liquid bituminous material, like an emulsified asphalt (low-viscosity 
cutback in case of locations at sub-zero temperatures). It is used only on an untreated base prior to placement of the 
asphalt pavement. 

(iii) Seal Coat: A thin asphalt surface treatment used to waterproof and improve the texture of an asphalt wearing surface. 
Depending on the purpose, seal coats may or may not be covered with aggregate. The main types of seal coats are fog 
seals, aggregate seals, slurry seals, and sand seals. 

(iv) Bituminous Surface Treatments: Applications of bituminous materials to any type of road or pavement surface, with or 
without a cover of mineral aggregate, that improve the surface condition and produce an increase in thickness of less than 

25 mm. 

(v) Tack Coat: A very light application of bituminous material applied to an existing bituminous or cement concrete surface, 
used to ensure a bond between the surface being paved and the overlying course. Bituminous emulsion diluted with water 
is the preferred bituminous material. 

11.4. Investory of Road and Inspection 

Frequent close inspection of pavement (at least once in 3 months) is necessary to ascertain the needs of 
the maintenance of the pavement. Generally, there should be a pre and post-monsoon inspections of the road to 
assess the maintenance requirements. An important step towards planning of maintenance activities and working 
out their relative priorities is to have inventory of different roads in a given area in terms of categories, physical 
features, condition, structural capacity, etc. to cover the following: 

(i) Classification/category of road. 

(ii) Location of protection works, streams, CD works, etc. 

(iii) Type of surface. 

(iv) Lane width of the road 

Apart from visual inspection the evaluation of pavement may be made on the basis of deflection, roughness 
etc. to decide about rehabilitation for high traffic roads. 

11.5. Types of Maintenance 

The maintenance activities are divided into two categories: 

(i) Preventive maintenance 

(ii) Corrective maintenance 

Preventive maintenance activities includes repairs to small sized potholes, crack sealing, maintenance of 
shoulders, drainage systems, etc. Corrective maintenance includes patch repairs, surface treatments, renewal 
and overlays. 

11.6. Classification of Maintenance Activities 

As per IRC:82, mamtenanfce operations can be classified as 1) Routine maintenance, such as, pothole 
filling, filling the cracks, etc. round the year, 2) Periodic maintenance covering renewals, which are required to 
be done at periodic interval every few years, and 3) Rehabilitation and strengthening, which includes major 
restoration or upgrading of pavement through reconstruction or application of overlays to correct the 
structural deficiencies. Maintenance of rural roads, like, other roads, will generally include activities as given 
under: 

(a) Routine Maintenance/Ordinary Repairs 

(i) Routine maintenance and up-keep of road components such as road formation, retaining walls, breast walls, culverts, 
bridges, causeways, pavement and other appurtenances. 

(ii) Clearance of landslides/slips caused by rains or other natural causes in hilly terrain. 
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(iii) Clearance of snow in high altitude/snow bound areas. 

Periodicity of various activities under routine maintenance is given in Appendix- 1 1.1 . 

(b) Periodical Renewals 

Periodical activities will include those activities which are not of routine nature and are taken up at certain periodicity, 
specified or otherwise, to maintain the health of the road components. One such periodical activity is the renewal of 
wearing course of carriageway based on guidelines on life cycle and specifications of the road. List of tools and plants 
frequently required for maintenance is given in Appendix-1 1.2 (A and B). 

(c) Special Repairs 

Damages resulting from usage, accident, comprising of repairs and rehabilitation, which can be covered under the scope 
of ordinary repairs/routine maintenance, but of a reJatively large magnitude is included as special repairs. Special requirements 
of high rainfall and snow bound areas are given in Appendix-1 1.3. 

11.7. Maintenance 

For maintenance purpose rural roads are classified into four types: 

(i) Unsealed roads 

(ii) Sealed roads 

(iii) Roads with rigid/RCCP 

(iv) Roads with special pavement 

11.7.1. Unsealed roads : Following types of roads are considered under this category: 

(i) Earth Roads: These roads are constructed generally by using local material available from borrow areas along the road 
alignment. These roads are not all-weather roads and get damaged heavily due to rains and traffic. They are generally 
upgraded with the availability of resources. 

(ii) Gravel Roads: Gravel roads are basically earth roads covered or rolled with moorum or gravel which is available nearby. 
The performance of these roads is slightly better than the earth roads. The types of defects associated with earth roads also 
occur in the gravel roads. 

(iii) WBM Roads: The WBM roads have the top layer of broken stone aggregate or good quality overbumt brick ballast 
(when stone is not available) of suitable size. The thickness of this layer depends on the volume and type of traffic. The 
thickness of the stone layer varies from 75 mm or more. 

11.7.1.1. Assessment of defects and maintenance measures : The unsealed roads deteriorate fast as 
compared to sealed. roads under traffic. Various defects and their measurements are as under 

(i) Loss of Profile, Camber and Cross Fall 

(ii) Corrugations 

(iii) Rut Formation 

(iv) Ditches and Potholes 

(v) Dust 

(vi) Erosion Gully 

(i) Loss of Profile: The camber is measured using 2 m camber board or template fitted with a spirit level. The 
measurement should be made on both sides of the centre line. The loose material from the sides can be scrapped 
and filled in ruts, deep potholes and the profile can be re-sectioned properly with the help of spade, pick-axes, or 
grader, etc. The loose material is then rolled properly after sprinkling of water over it. If required, the top layer 
can be provided with admixture of sand and moorum. Such a treatment would provide adequate strength to the top 
layer. It is essential that only non-plastic type of moorum should be used, at least for the top layer. 

(ii) Corrugations: Corrugations are transverse undulations located closely at regular intervals. These are formed 
under dry condition due to cyclic pounding action of tyres of the vehicles crossing irregularities. Corrugations are 
measured at 200 m interval along the road. The depth of corrugations is measured with a calibrated wedge. 
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(iii) Rut Formation: The ruts are the longitudinal depressions that tend to follow the path of rolling vehicular wheels 
usually associated with the settlement of pavement under traffic stress and/or the dislodging of material. The depth 
of rut is measured using a straight edge and wedge scale. Measurements are made at 200 m interval along the road. 
The straight edge is placed transversely across each wheel track and the rut depth is measured with calibrated 

wedge. 

(iv) Potholes: These are irregularly shaped depressions of various sizes and depth on the road surface and result from 

variety of causes, like : 

• Poor initial compaction 

• Poor quality of material 

• Infiltration of water 

• Degradation of pavement surface 

Potholes are counted and recorded for every 100 m length of road. The counts are recorded as the number of 
potholes per 100 m length of the road. 

(v) Dust: One of the most common defects of the unpaved road is dust. Dust comprising of the fine particles of soil 
rises up in the air under moving action of the vehicles. At high speeds the dust particles form a cloud of dust 
thereby reducing the visibility of the driver. The dust problem is maximum in the summer. It is more prominent 
with the earth road as compared to the WBM road. 

(vi) Erosion gully: Erosion gullies are formed on earth/gravel roads on shoulders/slopes by rainwater. Gully formation 
is a complex process. The size and shape of the gully depends on the quantum of runoff. In general the gullies are 
deep when the rainfall is high and concentrated. 

11.7.1.2. Maintenance measures : The following various measures are suggested to rectify defects of 
various types of unsealed roads: 

(a) Earth Roads 

Dust Control: To check the dust nuisance on the earth roads, the following measures are recommended: 

• Application of calcium chloride in solution or in powder form at the rate of 0.25 to 1.25 kg/sqm depending upon the 
climatic conditions. 

• Crude oil/used crude oil heated to 95°C is applied with sprayers at the rate of 2.5 to 4 lit. per sqm. 

• Waste from sugar mills, pulp and paper mill is applied uniformly over the road surface. The surface is scarified to some 
extent and the waste material is thoroughly mixed. The surface is then compacted at or near OMC. 

Patch Repairs, Ruts, Potholes, Corrugations Erosion Gullies: These defects can be rectified by patching 
or grading the road surface: 

Depression is filled with earth of same quality as that of earth road and water is sprinkled if needed, followed by compaction 
with light roller or ram with hand tamper. 

(b) Gravel Roads : Gravel for repair work should be at] east as good in quality as that of material 
used in the construction. The suggested measures are as below: 

Dust Control : To check the nuisance of dust on the gravel roads, the following measures are 
recommended. 

Calcium chloride is applied in solution or in powder form at the rate of 0.25 to 1.25 kg/sqm depending 
upon the climatic conditions: 

Patching: The following steps should be followed: 

Gravel is stacked on the shoulder near the spot. 

• Loose material and water are removed from the patch to be repaired. 

• The sides are cut vertical to reach the sound base. 
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Patch should be filled with gravel of 100 mm thickness. 

If material is too dry, water is sprinkled to facilitate compaction and the layer is then compacted by a roller or hand tamper. 
Procedure is repeated as above to fill the entire patch. 

Finally the patch is filled with gravel upto 30 mm above the road surface, spread and raked to correct shape. 

Finally the layer is compacted by a roller or hand tamper to give surface slightly protruding above the surrounding level. 

Loss of Shape, Corrugation, Potholes, Ruts: These can be rectified the same way as given under, 
patch repair for earth roads as above. 

Renewal of Gravel Roads: Renewal of the surface is done when the surface is badly damaged due to 
potholes, corrugations and ruts and it is uneconomical to repair the defect individually. Gravel of the same 
quality as used in the road construction is obtained from the borrow area. 

The surface to be renewed is scarified and the material is collected. Collected material is mixed with 
fresh material to the estimated quantity. To this mixed material water is added to achieve the desired water 
content. The wet mixed material is then laid on the surface to the required loose thickness and then compacted 
with 8 to 10 tonne roller or manually. The required camber and profile is maintained. 

Resurfacing: Initial pass is made on each side of the roadway with motor grader scarifying/cutting the 
surface to depth of 100 mm. 

Material is placed to required depth. 
Material is spread with a blade to the required cross slope. 
Water (if needed) is sprinkled and compacted using a roller. 
• It is ensured that the cross slope of shoulder is the same as that is required. 
The road surface is then cleaned. 

The repairs to other defects shall be the same as for earth roads. 

(c) WBM roads : A sizeable length of rural roads falls under this category. WBM surface develops 
various defects like potholes, ravelling, corrugations, etc., as the surface undergoes various stresses due to 
grinding action of solid iron- wheeled carts and also abrasion and pumping action due to fast moving pneumatic 
tyred traffic. Once a portion of WBM surface is disturbed, loose metal inflicts further damage to the adjoining 
WBM surface and thus a chain of damaging effect sets in. If the filler used for WBM surface is excessive and 
plastic in nature as in wet areas and non-plastic as in dry areas, the situation gets further aggravated in adverse 
weather conditions. Timely removal of the dislodged metal from the surface and blinding the surface with 
appropriate material like sand or moorum can save the road from deterioration. The works to be carried out 
under ordinary repairs and routine maintenance of WBM road can be listed as under: 

(a) Collecting and stacking the picked up metal and periodically blinding the surface with binder 

(b) Filling of potholes 

(c) Re-sectioning of surface by pick and roll method. 

(d) Collecting and stacking the picked up metal and blinding the surface by screening periodically. 

Periodical blinding: It is observed that particularly in dry season the metal from the WBM surface gets 
dislodged. Due to traffic this loose metal abrades with the WBM layer and further dislodgement of metal takes 
place. In due course of time, the whole stretch of the road gets damaged. It is, therefore, essential to pick-up 
this loose metal and stack it properly by the roadside. This metal can be further used for filling of potholes. 
After picking up of the loose metal the surface should be covered with a thin layer of binder such as sand or 
moorum. Timely provision of binder would provide good riding quality to the road surface. 
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Filling of Potholes: The following procedure should be followed: 

(i) The loose material in the affected spot is removed up to firm base. 

(ii) The sides of potholes are trimmed vertical and the area is shaped to rectangular as far as possible. 

(lii) The cavity is then filled-up with stone aggregates (similar in size used originally) keeping the filling slightly above the 
surrounding area. 

(iv) The filler material (screenings/moorum/sand) is then spread on the filled-up aggregate. 

(v) The aggregate layer is compacted by hand rammer. 

(vi) Water is sprinkled on the hand compacted aggregate layer. 

(vii) The layer is again compacted by hand ramming followed by road roller, if available. 

Repairs to Ravelling by Pick and Roll Method: When the ravelling of the road surface is quite prominent 
and when the funds are not adequate to carry out full-fledged periodical renewal, resurfacing by 'pick and roll 
method'' is resorted to. This is a cost-effective solution for maintenance of WBM surface of rural roads. In case 
of minor ravelling, patch repairs may be carried out. 

(i) The stretch, which craves for resurfacing is, selected which should preferably be of adequate workable length. In this 
length about 20-30 per cent of the quantity of the aggregates required for providing full-fledged renewal of WBM coat, is 
collected depending on the extent of ravelling. The required quantity of moorum/screenings is also collected as a filler. 

(ii) The whole surface is then picked up with a pickaxe to a depth of 40-50 mm as is done during resurfacing. 

(iii) The depressions, ruts and potholes are filled-up with the metal collected earlier and the surface is brought to the desired 
grade and camber. 

(iv) The surface is then rolled in dry condition with the help of 8-10 tonne roller. 

(v) The moorum/screenings are then spread over the compacted surface. The surface is then adequately watered. 

(vi) The wet rolling of the surface is carried out. 

(vii) The balance quantity of moorum is provided as a binder to the surface. 

This type of resurfacing has proved to be very cost effective. However, this treatment may not be 
adequate in heavy BC soil/clayey soils, water logged areas and sugarcane areas. In such areas periodical 
renewal may be the only way of maintaining the WBM road. 

Periodical Renewal of WBM: In this process fresh WBM layer is provided over the existing deteriorated 
WBM surface. With the advent of pneumatic tyre vehicles, WBM surface deteriorates fast and the renewal of 
existing surface (after every 2-3 years) become necessary. The process of periodical renewal is the same as 
that of construction of new WBM layer. Untill now, 8-10 tonne static rollers were being used for WBM 
compaction. If vibratory rollers are used for WBM consolidation, the life of the renewed surface may be 
increased to some extent. 

The common defects, their causes and needed maintenance measures applicable to unsealed roads are 
given in Table 11.1. 

11.7.2. Sealed roads : Requirement of maintenance of sealed roads may not be same as that of 
unsealed roads. Major maintenance activities include: 

Maintenance of shoulders, drainage and structures 
Maintenance of surface defects 
Renewals and rehabilitation. 

11.7.2.1. Maintenance of shoulders, drainage structures and causeways : The detailed information 
on maintenance of shoulders, drainage structures and causeways is given in Appendix- 1 1.4. 
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Table 11.1. Common Defects, Causes and Maintenance Measures in Unsealed Roads 



Defect 


Cause 


Maintenance Measure 


Ditch cross-section destroyed 


Plying of vehicle/movement of animals 


Reshaping/re-grading of ditch 


Ponding in ditch and on shoulder 


Insufficient ditch cross-section 


Deepening of ditch 


Silting of drain 


Water flows slowly as the invert slope 


De-silting of ditch and/or provision of 
turn out 


Uneven ditch invert 


Blockage caused by debris/vegetation 


Clearing, cleaning and re-grading 


Erosion of sides and bottom of 
ditch 


Too steep gradient 


Reinforcing of ditch slopes regarding or 
realignment of drain, ditch 


Destruction of lined or precast drain 


Poor alignment or change in flow direction 


Erosion control and realignment of drain 


Ditch lining damaged 


Settlement/erosion of soil under ditch 


Erosion repair and lining repair 


Ponding, erosion 


Insufficient lateral drainage 


Provision of lateral drainage 


Silting, blockage by debris of 
culvert 


Too flat gradient, incorrect positioning 
of culvert 


Clearing of debris and provision of debris 
arrester. 



11.7.2.2. Maintenance and repairs of surface defects : The more common defects of bituminous 
surface of rural roads are: 



(i) Potholes (iii) Cracking (v) Ravelling and bleeding 

Hi) Deformations (iv) Edge damages 

The road length to be maintained should be inspected at suitable interval to determine: 

Location where the defect usually appear 
Number and size of defect 
Apparent cause leading to defect 
Consequences likely if not repaired immediately 
Remedies to be applied 
Quality/type of material needed 

The defects commonly occurring in bituminous surfaced roads, their causes and maintenance measures 
are given in Table 1 1 .2. 



Table 11.2. Common Defects, Causes and Maintenance Measures in Surfaced Roads 



Defect 


Causes 


Maintenance Measure 


Bleeding Surface 


Excess/Unsuitable binder 


Spreading of aggregate chips 


Surface and pavement 
structure cracks 


Poor quality of material/workmanship 
Insufficient pavement crust excessive loads 


Local sealing or filling in of cracks Strengthening 


Ruts and depression 


Poor quality of material inadequate 
pavement or subgrade strength 


Slight rutting : filling 

Deep rutting : local restoration of pavement 


Edge subsidence 


Inadequate or badly maintained shoulders 


Slight subsidence: filling of ruts and depressions 
and restoration of shoulders 


Rutting 


Loss of strength due to water penetration 


Deep subsidence: Local restoration of pavement, 
improvement of drainage 


Edge damage 


Poor drainage Narrow road 

Shoulder damage due to action of water 


Local restoration of pavement Repairs of shoulder 


Potholes 


Degradation of pavement structure, 

Poor quality of material, Infiltration of water 

Traffic 


Cutting and removal of material upto affected 
depth, filling and compaction by ramming 


Shoving 


Failure of subgrade/sub-base, Water ingress, 
Poor materials, Poor workmanship, Heavy traffic 


Cutting and removal of material upto full depth of 
affected area and refilling with appropriate 
materials in layers and compacting 



Repairs of Potholes: If the bituminous surface is defective, then shallow potholes will develop on 
roads. The affected area is cut into a regular shape, preferably a rectangle with vertical sides. All the loose 
material is removed and tack coat of bitumen or bitumen emulsion is thoroughly applied on the exposed surface. 



323 



/ 



IRC:SP:20-2Q02 



The premixed material prepared by mixing metal chips and bitumen is then placed layer by layer. The surface 
filled-up with premixed material is kept slightly proud of the surrounding area. The surface is then compacted 
by hand rammer followed by road roller, if available. The liquid seal coat or bitumen surface dressing is then 
applied to seal the surface. When the potholes are deep the affected area is cut into a regular shape preferably 
a rectangle with vertical sides, the loose material is removed from the potholes and the surface is properly 
cleaned with wire brush. The potholes are then filled-up by grouting method. The tack coat is applied at the 
base as well as on all sides of the potholes. The stone metal of 40 mm size is then spread and compacted, and 
then grouted by pouring required quantity of bitumen on it and then key aggregates are spread over it. Again, 
the required quantity of bitumen is applied to grout these layers. The material is compacted with hand rammer. 
This method is resorted to fill the potholes layer by layer till the finished surface of the pothole filling stands 
raised to the surrounding area. The top layer is then covered with a suitable bituminous mix and rolled by roller 
into the proper camber and profile. 

Rectification of Deformations 

e Depressions: The surface of the affected area should be scarified properly. The sides of the depressions are then cut to 
vertical. The tack coat is applied to the cut area and the depression is filled-up with premix bituminous material. The 
filling is then rolled properly with the power roller and the top surface is sealed by liquid seal coat. If the depression is 
large such as due to failure of sub-grade/base/sub-base, proper strengthening of the base or sub-base, as the case may be, 
is resorted to including providing proper drainage layer, if required. 

Hump or heaving: During high temperature, the bitumen from top layer flows to sides because of pressure of wheels 
especially in hot weather. This results into formation of humps at the edges and depressions at the centre. Such humps are 
to be removed by pick axes. The exposed surface is then properly treated with premix material and the road is brought to 
desired level and then rolled properly. 

• Camber correction: The camber correction or cross slope of the pavements should be brought to the required standards 
with suitable bituminous levelling course. The thickness of layer depends on the extent of correction. Separate provision 
of profile correction layer should be made in the estimate. The camber correction must be made so that there is no 
stagnation of water on pavement surface during rainy season as it may lead to deterioration of the flexible pavement. 

Sealing of Cracks: The cracks are opened and cleaned with brush. Tack coat of hot bitumen is then 
applied under pressure to fill-up the cracks. The treated surface is then covered with premix material. Hair 
cracks can be repaired by applying slow setting cationic emulsion evenly at the rate of 5 to 9 kg/sqm. Light 
tamping to the coat of bituminous emulsion is recommended. 

Repairs of edge damages: Edge damages are observed in the following forms: 

• Cutting of edges 

Sinking of edge strips and depressions 

• Cutting of edges takes place when the road is narrow or proper side support is not available to the edge of the road from the 
well-compacted shoulders. If the shoulders are in a bad shape or depressed, the edges are damaged badly under moving 
wheels. These are repaired by cutting the damaged edges or digging the crust under the damaged portion. The crust is 
then rebuilt by grouting the metal layer and repairing the edges with premix bituminous mix. The shoulders are built-up 
simultaneously with moorum and duly compacted 

When edge strips sink heavily the reason could be that the shoulders are built-up in impervious material and they are 
preventing draining out of water from the subgrade. In such an eventuality the damaged portion needs to be opened up 
right up to sub-base layer. The layer shall then be removed and replaced with material having good drainage properties. 
Cross shoulder drains shall also be built to proper slopes to dram out sub-soil water effectively. The crust is then built-up 
layer by layer after proper compaction with a power roller. The shoulders shall also be built-up simultaneously. The top 
layer is then provided with BM layer, which is further, covered with a premix carpet layer. 

Ravelling: If ravelling of the road surface is observed, then emulsified bitumen is applied to the surface, 
which is then topped with sand or slurry seal. 
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Bleeding: When excess quantity of binder is used in the surfacing, it tends to work to the top and then 
spread sideways. The spot or patch where bleeding has occurred becomes soft. The corrective measures are 
taken by spreading fine sand or metal chips over the soft spots and ramming it by hand rammer or rolling it with 
power roller, if available. 

Periodical renewals: Periodical renewal consists of provision of a surfacing layer over the existing 
surface of the pavement at regular interval of time so as to preserve the required serviceability of pavement and 
offset the wear and tear caused by the traffic and climate stress. Based on the experience in the country, the 
following specifications are suggested for periodical renewals of rural roads: 

Single coat or two coat surface dressing as per IRC: 1 7 

20 mm thick premix carpet with seal coat as per IRC: 14 

Mix seal surfacing as per Clause 508 of MoRT&H Specifications. 

The specifications and thickness of renewal course should be such that the road surface is restored close 
to its original condition as far as possible. The following broad guidelines are recommended for the type and 
periodicity of renewals given in the Table 11.3. 



Table 1 1 .3. Type and Periodicity of Renewals 



Traffic CVPD 


Type and periodicity of renewal 


Low Rainfall 
(1500 mm/year) 


Medium Rainfall 
(1500-3000 mm/year) 


High Rainfall 
(> 3000 mm/year) 


<150 


Surface dressing; 6 years 


Surface dressing; 6 years 


Surface dressing; 6 years 


150-450 


Surface dressing; 5 years 


Surface dressing; 4 years 


Surface dressing; 3 years 


>450 


OGPC/MSS; 6 years 


OGPC/MSS; 5 years 


OGPC; 4 years 



Note: The Table is adopted from the Report of the Committee on Norms for Maintenance of Roads in India, Ministry of Road 
Transport and Highways, Govt, of India, October 2000. 



Special Repairs: Under special repairs, the repairs, such as, filling of large potholes, side settlements, 
pavement rectification, etc. are carried out. The type of treatment to be adopted for special repairs needs to be 
carefully designed, so as to avoid recurrence of particular damage. Also if special repairs are carried out as per 
the requirements, it helps in sustaining the life of pavement. 

Rebuilding and strengthening of existing pavement: The road pavements are designed for a particular 
design life. After this period, the pavement needs to be rebuilt or strengthened. Under rebuilding, a new pavement 
is constructed. In case of strengthening of existing pavement, overlays are laid over the existing road pavement 
for increasing the strength of the existing pavement. The requirement of overlays for strengthening of the 
existing pavement needs to be worked out on the basis of CBR method (IRC:37) of pavement design or 
Benklemen Beam Deflection method (IRC:81) based on the surface deflection measured normally on sealed 
roads. For these, separate IRC guidelines are available. The design of strengthening of the existing road pavement 
should also include the correction to the drainage facilities of the existing pavement, if any. The design of 
strengthening of existing pavement needs to be done by an experienced road engineer. 

11.73. Semi-rigid and rigid/roller compacted concrete pavements (RCCP) : A rigid pavement 
roller compacted concrete pavement normally does not require any major maintenance, except maintenance of 
joints and riding surface only, when it is meticulously designed and constructed with precision for the designed 
traffic. In semi-rigid pavements and rigid/RCCP, the major defect is of riding quality, which can be maintained 
by laying with the same type of concrete over poor riding surface, after applying cement paste so that a monolithic 
slab can be formed. Care shall be taken to reduce the stresses at the interface (existing concrete surface shall be 
just wet when a coat of cement paste as primer is applied). However, at later stages, cracks may appear due to 
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many reasons. It is essential to examine the reasons for appearance of cracks, before any available repair 
measure is adopted. The condition of a pavement structure must be known, prior to attempting its repairs or 
maintenance. To know the condition of pavement structure, it is necessary to carry out its structural and 
functional evaluation to examine the various factors, which contribute to its failure or distress. There may be 
different types of distress in cement concrete pavements. These distresses contribute to many types of cracking, 
e.g., reflection cracking, corner cracking, longitudinal and transversal cracking, shrinkage cracking, elastic 
cracking, map cracking, warping of slabs, scaling and spallmg of joints. In case of RCCP and semi-rigid 
materials, there are very less chances of shrinkage cracking as very less quantity of water is required for the 
construction of both the pavements. Methodology for the maintenance of semi-rigid pavement is almost similar 
to the methodology adopted for RCCP as concrete for both of them are compacted with road roller. 

Joints are the weakest part in the cement concrete slabs. Filler and sealing materials shall be intact at 
joints. During summer, sealing materials are squeezed out of dummy contraction joints due to expansion of the 
slabs. During winter, gap opens out. Therefore, periodic maintenance of the joints is essential at expansion 
and dummy contraction joints as part of the routine maintenance work. The opened up joints are cleaned with 
brush and refilled with suitable joint sealer either with hot sealing or cold sealing compound. The cracks 
developed in ngid/RCCP may be classified m two groups: 

(t) Temperature cracks which are initially hairline cracks between the dummy contraction joints of a slab and are formed due 

.to warping and shrinkage stresses in the slab, and 
(ii) Structural cracks are formed due to combined wheel-loads and warping stresses. 

Many factors are responsible for the deterioration of ngid/RCCP. The causes for the same must be 
examined in details for further perfection of the design and maintenance. 

11.73.1. Causes of deterioration : Many of the causes producing deterioration may be attributed to the 
following: 

Material failures due to poor quality of the material used 
External and internal forces of disruption in the pavement 
Moisture movement 
Unsupported corner 

Cracking/breaking and sinking of slab corners 
• Environmental factors, sub-soil water table and rain water; and drainage failure 
Salt content in natural soil and water 
Harmful reactions of cement with aggregates; and salt action 
Porosity, and permeability 
Erosion of the base course and shoulders 
Failure of the joint sealing compound 

11.73.2. Structural and functional evaluation : Before taking-up any maintenance or rehabilitation 
work of semi-rigid, ngid/RCCP pavement, it is essential to carry out the functional and structural evaluation. 

Structural Evaluation: Data is required to be collected on the aspects of residual strength also. 

(i) Sampling of hardened concrete 

(ii) Crack-width and depth estimation 

Decision about reconstruction (inlay), rehabilitation, overlay, or restoration of the riding quality through 
surface repairs and maintenance of joints has to be based on these data on distress. 
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Functional Evaluation: It takes into account the data produced by the following tests: 

Rideability (RCCP riding surface is not equally even as that of conventional concrete pavement. However, as per prevailing 
loading conditions in rural roads riding quality obtained with RCCP is sufficient for the low speed vehicles) 

• Surface roughness (anti-skid braking) 
Apparently sound condition and no cracking 
Faulting, and rocking chunk formation 

Cracking types - small, medium, large, D-type, alligator or map type 

• Alkali-aggregate reaction type 

A blow up of the edge-faces at joints of the adjoining slabs 
Faulting of slabs 

11.733. Maintenance procedure : After having the pavement assessment and evaluation done, 
maintenance and rehabilitation can be considered, including full-depth patching, joint sealing and sub-surface 
drainage. Some suggested remedial measures may be adopted for rehabilitation of distressed semi-rigid, rigid 
and RCCP. These can be: 

Sealing/repairing of cracks 
Repairing of spalled joints 
Grout-jacking of slabs 

Replacing of distressed slabs with precast concrete slabs 

Patch repair: All patches before repairs, shall be prepared preferably full depths, skewed and doweled 
(if the thickness of slab is more than 15 cm, dowels are generally provided at the neutral, axis in the interior of 
the slab as per IRC: 15) or undercut to achieve load transfer. Mis-aligned-dowel bars create high load-transfer 
stresses at the joints from one slab to the adjoining slab. Rust on the exposed tie (if provided between two 
lanes) or dowel bar is removed before repair is undertaken. Loose debris shall be removed with compressed air 
or a vacuum cleaner or air pump as per the availability. A seal coat is then applied. Repair material having 
adequate pot life (10 minutes to 30 minutes) and compressive strength 10 to 20 MPa at 24 hours may be used 
for filling up the void, such as, Epoxy or Magnesium Phosphate cement mortar or High Performance Concrete. 

Scaling: Scaling of the slab surface is sometimes caused by poor construction techniques, such as bleeding 
and over-waters in the surface when finishing and compacting. The chloride and sulphate contents in the 
concrete, required for rehabilitation or maintenance shall not be more than the values permitted in IS :45 6-2000 
"Code of Practice for Plain and Reinforced Concrete". 

Joint Spalling: It is general deterioration of joints caused by excessive compressive stresses, which may 
be related to joint infiltration or to pavement growth caused by reactive aggregates. In this case, the aggregate 
expands because the reaction products occupy greater volume than the original aggregate structure. The general 
type of aggregate problem can lead to serious deterioration of joints subject to those that react adversely with 
other components of concrete mixtures. Joint spalling can be prevented by the use of high quality concrete, use 
of good construction practices, and by keeping joints well sealed. Spalls range from very small edge spalls to 
large spalls reaching several inches back into the slab or down into the joint. Small edge spall may be repaired with 
cement sand mortar with additives whereas for large spall, methodology adopted for blow-up repair may be used. 

Joint and Crack Resealing: The resealing of in-service joints takes place in a totally different environment 
from sealing on newly constructed pavements. Guidelines for joint resealing have been provided by the IRC:57 
and IS:1 1433-1980. 

Medium cracks of 3-5 mm width should be dry and cleaned with compressed air and then treated with 
easily workable bituminous substances such as bituminous emulsion. Similarly cracks of width ranging from 
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5-25 mm should also be dry and cleaned with compressed air and then treated with hot sealing compound. 
Cracks greater than 25 mm width should be dry and cleaned with compressed air and then filled by caulking 
with a suitable filler material (wooden piece, sheet, small sized precast concrete blocks, jute etc.), and then 
sealed with sealing compound. The step-by-step procedure for repair of cracks is given as: 

Brushing: Joint must be thoroughly cleaned by brushing out loose dust, blowing out the cracks or joints with compressed 
air. 

Removal of tightly packed debris: When joints in an old road are to be resealed, they must first be cleaned of old sealing 
compound, broken pieces of concrete etc., with a pick. 

Drying of joints: Joints can be dried by a naked flame or hot air drier by fully competent workman. 
Primer: The bond between sealing compound and concrete can be improved by the use of primer, a viscous and sticky 
material (viscosity about 30 seconds). It may be 80/100 penetration grade bitumen to 20 per cent kerosene. 
• Sealing compound: Filling the prepared crack/joint with suitable bitumen sealing compound. 

Blow-ups: These are compressive joint failures brought about by excessive expansion related to high 
temperatures, high moisture contents, or a combination of the two. These become likely when normal joint 
movement is restricted by infiltration. Increase in concrete volume brought about by elevated temperatures 
and moisture contents create longitudinal thrust that may overcome the compressive strength of the weakest 
joint in the section. Blow-up tendency is more pronounced on pavements with long slabs where individual 
joint movements are greatest. The treatment should consist of either widening the sealing crack upto 30-40 
mm to include failed area and re-sealmg or cutting out all unsound material and forming a chase of roughly 
rectangular cross-section along side of the joint. Due measures are taken prior to allowing for reforming the 
joint seal, placing, compacting and curing a suitable repair material. Such a repair material is often pavement 
quality concrete or high performance concrete (which is generally obtained by adding 10 per cent silica fume 
as replacement of cement and 1-2 per cent super-plasticizer by weight of cement m conventional concrete) 
The maximum size of aggregate shall be 10 mm. Surfaces should be primed with cement grout immediately 
before application of fresh concrete. 

For the maintenance, the slabs forming the joints shall be cut on each side of the blown-up joint. The 
cuts are made to full depth of the slab thickness and parallel to the joint with a diamond-blade concrete-cutting 
machine. The mlay space is thoroughly cleaned, oil applied on the open vertical faces of the slabs to prevent 
bonding with the parent slabs and the space is filled-up with M-35 grade cement concrete. The compaction and 
finishing should be done as per the normal practice. 

Pumping: Closely related to joint faulting is the phenomenon known as pavement pumping. Pumping 
is the process of expulsion of water from under a pavement caused by the action of repetitive wheel-loads. 
Unfortunately, fine materials from the sub-base or subgrade often go into suspension and are expelled along 
with water. Solutions that are more permanent may be achieved by the restoration of load transfer and by the 
provision of positive drainage systems. Corner breaks are the result of excessive pumping or overloading. 

Available repair material for patching: Generally, the materials used for crack, spall and patch repair 
are polyester and epoxy acrylate, early strength cements (jet set cements and admixtures), magnesia-based 
cement - Magnesium Oxy- Chloride (MOC) and Magnesium Poly-Phospahate Cements (MPC), Sulphur-sand 
mortars and special concrete. Methodology for repair of concrete is described in IRC:77 "Tentative Guidelines 
for Repair of Concrete Pavements Using Synthetic Resins". Based on the techno-economical feasibility study 
material for repair may be selected. 
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Rehabilitation: Five different pavement rehabilitation alternatives are generally considered quite 
common. 

• Routine maintenance 

• Concrete slab restoration 

• 25 mm thick premix carpet as an overlay over concrete slab 

• 40 mm thick bituminous macadam overlay in special case of weak soil 

• Rehabilitation by 150 mm thick roller compacted concrete. 

Maintenance shall start from the day one after the completion of the construction of a road. Once a road 
is constructed it must be maintained at least to a minimum level of acceptable serviceability. The amount of 
maintenance required by a well designed and well-constructed concrete road is small. More attention should, 
however, be given to maintenance so that any defects can be treated at an early stage and the amount of 
deterioration reduced. To repair the deterioration especially cracks, there are advantages of using bitumen as it 
enables the work to proceed more quickly and economically. Bitumen provides a seal, which retards the 
ingress of water. 

11.7.4. Special pavements 

11.7.4.1. Concrete block/interlocking concrete block pavement (CBP/ICBP) : CBP/ICBP failure 
can mainly be in the form of excessive/uneven settlements, damage to paving block, opening up of joints due 
to lack of support by edge restraint, and washing away of joint filling sand before development of inter-lock/ 
bond between blocks. To restore the original profile, all damaged edge restraints, if any, should be replaced 
with new ones. The block surfacing should be dismantled, the base course profile should, be rectified and the 
blocks should be replaced on coarse bedding sand and re-compacted. During this process, the damaged blocks 
should be replaced. In order to ensure that sufficient block of the chosen type and thickness are available for 
future maintenance needs, about 5 per cent excess blocks should be produced for safe storage. Care should be 
taken to ensure that the reconstructed area has slightly higher level than adjacent paved areas, so that after a few 
days' traffic it achieves the same level. 

11.7.4.2. Stone-sett pavement/brick pavement : Maintenance requirement for stone set/brick 
pavement is very minimal. Loose edge stones/bricks, if any, have to be fixed. Depression/sinking of pavement 
should be rectified by dismantling/removal of the stones/bricks, reconstructing the subgrade/base to the required 
profile, re-paving and compacting the stones/bricks on bedding sand and sealing the joints with appropriate 
material. 

1 1 .8. Norms of Maintenance Cost 

The maintenance of roads is classified into various sub-heads. It includes ordinary repairs, periodical 
renewals, special repairs, flood damage repairs, maintenance and repair of major bridges, etc. Ministry of 
Road Transport & Highways (MoRT&H), Govt, of India constituted various committees for framing the norms 
of maintenance and repairs of different category of roads. These study groups have suggested norms for 
maintenance and repairs for various categories of roads. On similar lines many States in the country have 
appointed study groups to suggest norms for maintenance and repairs to different category of roads. For 
general guidance, the MoRT&H has issued norms for maintenance of roads of different types. The norms 
recommended for rural roads are given in Table 1 1 .4. However, if the States have their own norms, those can 
be applied with the approval of the Engineer-in-Charge. 
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Table 11.4. Norms of Maintenance Cost for Single Lane Road 



Category of Roads 


Norms approved by MoRT&H 
Rs. per km 


Rural Road (ODR+VR) 


17100 to 20200 


Unsurfaced Road (Unsealed Road) 


1 1300 to 13600 



A scientifically planned approach for maintenance is always effective. Thus, organisational inputs for 
maintenance may be in the form of gangs or otherwise as decided by the engineer. The maintenance for rural 
roads can be handled using manual, semi-mechanised or fully mechanised methods. Further, the modern concept 
of maintenance by contractual arrangement may also be adopted where it is appropriate. 
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Appendix-lhl 

Periodicity of Routine Maintenance Activities 



SI. No. 


Name of item 


Frequency of operation in the year 


1. 


Clearing of road side gutters 


Twice 


2. 


Pothole filling (WBM & BT) 


Once 


3. 


Filling up edges of asphalt surface of excavating 
borrow pit. 


(i) Single lane 

(a) T.I. 0-1000 Twice 

(b) T.I. 1000-5000 Four times 

(ii) One and Half lane 
i.i. u- 1 uuu wnce 
T.I. 1000-5000 Twice 
T.I. Over 5000 Four times 

(iii) Two lane 

T.I. 1000-5000 Once 
T.I. Over 5000 Twice 


4. 


Dressing of berms 


Once 


5. 


White washing guard stones 


Twice 


6. 


Fixing disturbed caution board/Village name board/ 
Speed limit board, etc. 


Once 


7 


RpfiYino rlicnluppH onurH ctnnpc 


VJ1 ICC 


8. 


White washing and geroo pending of trunks of trees 


Once 


9. 


Cutting of branches of trees, etc. 


Once 


10. 


Topping of W.B.M. blindage operation including 
picking of loose metal 


1 8 times 


11. 


Maintenance of catch water drains 


Once 


12. 


Clearance of CD. works 


Twice 


13. 


Clearing of wild seasonal growth on berms 


Once 


14. 


White washing parapets of CD. Works 


Once 


15. 


Earthwork in berms, desilting of drains, etc. 


As per requirement 



Note : T.I. stands for Traffic Intensity in tonnes per day. 
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Appendix- 11.2 (A) 

Tools and Equipment to be Possessed by Road Gangs 



SI. No. 


Item 


1 . 


iron oasKet (ijnarneia; 


2. 


Pickaxe 


3. 


Phawra 


4. 


Number plate with flag 


5. 


Metallic tape 15 or 30 m 


6. 


Red flag 


7. 


First-aid box per Mukadam available at site 


8. 

1 


Exercise book for issue of notes and instructions. 
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Tools and Equipment to be kept with Mistry or J*\ Engineer 



SI. No. 


Item 


1. 


Crowbar 25 mm dia 2 m Log , • 


2 


Shovel 


3. 


Steel panja 


4. 


Steel or wooden rammer 


5. 


Sledge hammer (3kg to 6 kg) 


6. 


Sickle 


7. 


Camber plate as may be applicable 


8. 


Wooden or steel boxes of different sizes 


9. 


Caution board 


10, 


Empty asphalt drum for barricading/storing water 


11. 


Iron Pot (1 to 2 litres) 


12. 


Wooden template 3 mt. Long and 100 to 150 mm wide 


13. 


String (line dori ) of cotton or nylon 100 m long 


14. 


Ranging rods 


15. 


Axes of two sizes 


16. 


Lantern 


17. 


Reflector 


18. 


Gypsy hut which G.I. sheet roofing and tarpaulin walling 


19. 


Empty cement bag 


20. 


Plumb bob 


21. 


Wood saw for wood cutter 


22. 


Boxes (fitted with handles of appropriate size for feeding aggregate in asphalt mixer) 


23. 


Mason's square 


24. 


Empty oil drum 


25. 


Screen' for sand 


26. 


Ladder 5 m long 


27. 


Screen for metal 


28. 


Mason's equipment 


29. 


Box of 2 m x 1 m x 0.6 m size with padlock 


30. 


5 litre tin for kerosene 


31. 


Coir rope of 40 mm Dia 1 5 metre long 


32. 


Coir string 


33. 


Collapsible barricade 


34. 


Metal ring set 


35. 


Foot rule 


36. 


Cycle puncture repair kit 


37. 


Spanner set for pipe railing, etc. 


38. 


Water tank mounted on hand cart 


39. 


Mini asphalt boiler of one barrel capacity for current repairs 


40. 


Wheel barrow 


41. 


Metal drying pan 


42. 


Blower 


43. 


Asphalt thermometer 


44. 


Zari for tar spray 


45. 


Spring balance 


46. 


G.I. bucket (tar) with magga 


47. 


Gumboot/apron, gloves, goggle 


48. 


Wire brush 


49. 


Broom 


50. 


Coir/fine wire brush 
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Appendix-11.3 

Special Problems of Road Maintenance in Heavy Rainfall/Snowfall Areas 

(1) Major problems for maintenance of roads in heavy rainfall areas in hilly terrain include landslides, 
drainage failure, soil erosion and damage to pavements. The maintenance regime required for up 
keep of the roads will be similar to the type of activities for normal roads, but with higher intensity 
of effort and monitoring. 

(ii) Proper drainage of rainwater and snowmelt and protection of land surface should be the focus of 
activities for prevention of landslides. Erosion of soil from both above and below the road formation 
must be controlled. Prevention of deforestation of hillside, maintenance of slope stability, through 
turfing, plantation, terrace benching, catch water drains, avoidance of excessive blasting and protective 
measures like toe wall, retaining walls, breast walls, etc. are some of the recommended measures for 
prevention of soil erosion and landslides. 

(iii) Landslides that occur on rural roads will have to be removed manually using minor hand tools as 
major earth moving equipment like dozer; shovel, etc. are not likely to be available for rural road 
maintenance. Proper care should, however, be taken to ensure that the workers are not exposed to 
the threat of fresh slides. A watchman should be posted to constantly monitor the behaviour of the 
hill above and to warn the workers of the possibility of a fresh slip coming down. 

(iv) Snowfalls in the high altitude areas can also cause landslides, avalanches, destruction to protective 
structures, pavement damages, etc. besides the blockage to traffic and reduction in worker efficiency. 
The main effort in clearance of snows should be to open a minimum track to enable the traffic to 
move. 

(v) The side drains and the CD structures should also be cleared to enable drainage of snowmelt. The 
avalanche prone areas should be identified and camping of commuters and stoppage of the traffic 
near such areas should be prevented. 
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Appendix-11.4 

Maintenance of Shoulders, Drainage Structures and Causeways 

1. Maintenance of Shoulders 

1.1. Properly built-up and well maintained shoulders provide lateral support to the pavement. The slow 
moving vehicles, like, bullock carts or hand driven carts tend to ply over the shoulders. The shoulders are also 
used for parking of vehicles. 

1.2. The shoulders shall be kept free from obstructions, like, logs, shrubs, deep cuts, boulders, etc. The 
wild growth on them shall also be removed from time to time. In hill roads located in high rainfall zones, the 
overgrowths on both the hillsides and the valley side must be cleared twice a year, at least once before the onset 
of winter. The extent of clearance area should be enough to provide six hours of sunshine to the road surface 
during fair weather. It must, however, be seen that the roots of the grass are not removed, so that rains hitting 
on the exposed surface do cause erosion and induce landslides. The debris of leaves, branches and stems of the 
cut trees shall be cleared from the drain, pavement and the shoulder of the road and removed beyond the road 
edge on the valley side by at least 2 m. The shoulders should be kept flush with the pavement edge and then 
given slightly steeper slopes than the pavement to facilitate effective draining of rainwater flowing across the 
pavement. The shoulders shall be maintained by filling moorum or sand and scrapping the heaved-up portion 
wherever necessary. 

Since the shoulders also form part of the body of the road, they shall be kept free from encroachments. 

2. Maintenance of Road Furniture 

2.1. Traffic signs are the principal means of conveying information about the road to the road users. 
Signs which are erected at proper places and which are in good condition free from any obstruction can be 
properly understood and they inspire confidence in the minds of the road users. Damaged, missing or obliterated 
signs shall be replaced promptly. The signs shall be inspected and cleaned at least twice a year. At the junctions 
of two or more roads proper information boards or information pillars giving information about various 
destinations would be of immense help. They shall preferably be located at least 200 m ahead of the junctions 
to guide the road users. 

2. 2. Guard rails, guard walls, parapets of bridges, guard stone delineators, etc. shall also be maintained 
properly. If they are damaged due to moving vehicles, the same shall be repaired or replaced promptly. 

2.3. Kilometre/200-metre/boundary stones shall be painted twice in a year. The wild growth along the 
kilmetre/200-metre boundary stones, which obstructs the visibility shall be removed. Delineators and header 
stones on the curves shall be properly painted and kept in good condition to guide the driver properly at these 
locations. 

3. Maintenance of Cross Drainage Structures 

3.1. Structures are provided for effective drainage of runoff water etc. It is, therefore, essential that the 
cross drainage structures shall be maintained effectively and it shall be ensured those drainage elements, 
waterways remain free of obstructions and retain their intended cross-sections and grades. They must function 
properly so that surface water and ground water can drain freely and quickly away from the road or under the 
road. Water is the worst enemy of every road element. It can erode soil, weaken the pavement and subgrade, 
and destroy shoulder and slope, even wash out cross drainage structures or bridges. 
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3.2. The parapet, railing, guard stone etc. of the CD work should be repaired if broken. These should 
be properly painted for improving visibility during night. 

3.3. In the following paragraphs maintenance of mainly culverts and causeways is discussed as these 
are usually used as cross drainage structures on rural roads. 

3 .4. Inspection : Inspection of drainage system and structures shall be a routine task. If it is not possible 
then the inspections should be carried out at least on four occasions. Firstly before onset of monsoon. Secondly, 
during monsoon particularly after first flash floods, Thirdly after heavy floods, and Fourthly after monsoon. 

3.4.1. Inspection before monsoon : Following points shall be inspected: 

(i) Waterway is clear and not blocked by debris or silt 

(ii) Settlement cracks in foundations or in superstructure 

(iii) Cracks or damages in pavement 

(iv) Guide stones are properly fixed and pointed 

(v, Warning signs are placed on both sides of cross drainage structures giving clear warning that when water is flowing 
above the guide stones, vehicle shall not cross the cross drainage structure 

(vi) Approaches are in sound condition and there is not erosion 

(vii) Debris arrestors if provided is properly fixed. 

3.4.2. Inspection after first flash flood : It is generally observed that during first flash flood or during 
next two, three spells, there is substantial load of floating debris along with floodwater. If the vents are not of 
sufficient opening, then waterway is blocked by the debris and water starts flowing on approaches or by breaching 
the adjoining road sections. It is, therefore, essential to remove this blocked debris from pipe vents or waterway 
immediately so that there will be minimum damages in subsequent floods. In view of this, close and repeated 
inspections are essential during rainy season. 

3.4.3. Inspection after heavy floods : During heavy floods, causeways are generally over topped. This 
results in heavy damages to pavement, approaches as well as scouring on down streamside of structures. In 
some cases there is breaching of approaches. All these points shall be closely inspected after every heavy flood, 
so that timely protective measures can be taken. 

3.4.4. Inspection after monsoon : Once the monsoon season is over, the structures shall be inspected 
closely for any damage, any heavy silting or scouring to pavement damages to guide stones etc. Repairs to 
these damages shall be carried out promptly. 

4. Maintenance of Culverts 

4.1. Defect : Silting, Sanding and Blockage by debris 

If a culvert structure is constructed too low, resulting in deposition of silt or sand. Vegetation or floating 
debris gets blocked in vents of culvert. Blockage of waterway leads to ponding and heading up of floodwater, 
which results in over flooding the embankment. This damages the embankment or causes breaching in roadway. 
Slopes of bed shall be corrected by Nalla training properly: Debris arrestors shall be provided on upstream side 
so that floating debris will not enter the vents and there will be no blockage of vents. It is also comparatively 
easy to clear the debris from arrestors. 

4.2. Defect : Erosion of Streambed on Downstream Side 

Due to flowing water or overtopping of water from culvert, the downstream side bed sometimes gets 
eroded. Due to heavy scouring, the foundations of headwalls are also exposed and endangered. Due to steep 
slope of bed or vents or due to inadequate waterway, the velocity of flowing water increases on downstream 
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side and results in erosion below headwall, wings walls or even approaches. This may result in collapse of 
headwall or wing walls in due course of time. Protection work to the bed with properly designed apron 'at 
downstream side shall be provided. Also adequate waterway shall be provided. 

4.3. Defect : Settlement Cracks in Masonry Structure 

Settlement of foundations takes place due to weak founding strata. If the settlement is negligible then the 
damages can be checked and repaired. But, if the settlement is major in nature, then reconstruction of structure 
will be only the remedial measure. 

5. Maintenance of Causeways 

5.1. Defe*ct : Cracks in Paved Surface 

Settlement of fill below pavement, dislocation of stones in stone sett pavements, scouring of filler material 
due to eddy currents. Damaged area shall be opened, refilled and compacted properly and then pavement shall 
be re-laid. In case of stone pavements, dislocated stones shall be re-fixed properly. If there is scouring below 
fill, then it shall be sealed properly so that there will be no damage due to eddy current. 

5.2. Defect : Blockage of Vents Due to Debris 

Floating debris block the vents. Debris arrestors shall be provided on upstream side. 

5.3 Defect : Damages Due to Overtopping of Water 

Structure is not properly designed or provision of inadequate waterway or inadequate protection measures. 
The geometry of the structure shall be properly designed. Water way shall be provided in such a way that it 
shall effectively pass at least 20 per cent of high flood discharge. The Road Top Level shall be properly 
protected with pitching on upstream and downstream side as well as at top of formation extending upto high 
flood level. If possible RCC Wearing Coats must be provided. 

5.4 Defect : Damages to guide stones, information boards 

Due to floodwater, or due to vandalism such damages are experienced. Guide stones, information boards, 
and kerbstones shall be a replaced promptly. If neglected, when the pavement gets submerged during floods, 
the edge of pavement can not be seen, more over if guide stones are missing, the depth of water on road top 
level can not be judged. This may result in serious accidents. 

6. Maintenance of Drainage Features 

For proper upkeep of drainage features, maintenance should take care of the following: 

Camber : A proper camber needs to be maintained for surface water. Whereas it is found improper or 
inadequate, corrective measures need to be taken. In case of unsealed roads, blading, grading and shaping may 
be required. For sealed roads, a profile corrective course may be provided on the existing surface. 

Shoulder and Side Slope : The shoulder on both sides should have required outward slope starting 
from the edge of pavement. Also, side slope is to be maintained at the end of shoulders, especially on high 
embankments. 

Longitudinal Drainage : A lined or unlmed longitudinal dram provided in a rural road, as the case 
may be, shall be cleared of any accumulated debris. The blockage of the drains by silting also may be 
cleared regularly. 
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Appendix-11.5 

Typical Maintenance Cost Norms for Rural Roads 

Typical maintenance norms for rural roads in zone II are given below. These are based on the "Report of 
the Committee on Norms for Maintenance of Roads in India" MoRT&H, October 2000. 

Details of M & R cost in Rupees per kilometer for single lane road per year for rural roads (ODR/VR) in 
Zone II (as per MoRT&H Committee Report) are given in Table below by rounding off the values. The cost per 
single lane has been deduced from cost per double lane given in the report with a factor of 0.625 as suggested 
in the Report. 



Category 


Traffic in CVPD 


<150 


150-450 


BT 


WBM 


BT 


Ordinary Repairs 


23100 


19900 


23500 


Periodical Renewal 


53100 


47500 


57900 


Flood Damage 


11400 


10100 


12200 


Special Repairs 


15200 


13500 


16300 



Note: Zone-II represents the areas of the country having the cost of aggregates in the range 
Rs.350-400 per cum. 



338 



IRC:SP:20-2002 



CHAPTER 12 
SOURCES OF FINANCE 

12.1. Introduction 

Traditionally all categories of roads were funded by the government from its tax revenue in the form of 
budgetary provision. Central Road Fund (CRF) had existed from its first approval in 1929, but could not 
provide required level of resources for road development in the country. The Rakesh Mohan Committee ( 1 996) 
had recommended that the major part (about 85 per cent) of the total investment required for road infrastructures 
shall have to be provided from the internal resources. The Committee had also recommended setting up of a 
Highway Development Fund by levying cess on petrol, diesel, private cars and commercial vehicles. Setting 
up, of a Highway Saving Scheme was also recommended. In 1998-99 and 1999-2000 budgets, the Government 
imposed cess or levy of Re. 1 .00 on petrol and diesel respectively which is to be utilised for road infrastructure 
development through a dedicated fund, which is actually the CRF. 

Both rural as well as other roads are required as efficient input to the economic activities and business for 
the growth. They can no longer be treated only as the basic need for simple accessibility. Therefore, a quantum 
shift is required in its quality and performance for which governmental resource alone is not sufficient. Thus, 
the global phenomena of alternative methods of financing road infrastructure has been in the discussion in 
India since last 15 years or so. 

Rural roads being a State subject is constitutionally the responsibility of the State Governments. However, 
from time to time, the Central Government has been providing central assistance for construction of village 
roads (rural roads) as they are considered essential for the social and economic growth and alleviation of 
poverty in rural areas. There are variety of sources under which rural roads are being funded and some of those 
are described in the subsequent Sections of the Chapter. 

The rural roads are handled at the level of districts. There are theoretically three mam sources of funding 
for construction of rural roads: budgetary allocation, private sector and dedicated funds. There is scope for 
external assistance and counter part funding through budget. Dedicated funds through area development schemes 
or levies on fuel or agricultural produce are also being made use by some States. 

12.2. Budgetary Allocations 

Rural roads funding has been through planned budgetary allocations for roads in all States. The problem 
is that, even though the total length of rural roads (village roads and other district roads) is about 90 per cent of 
all roads, there is sometimes no clear demarcation of funds allocated or utilised exclusively for rural roads. As 
a result, only a small component of available funds may be earmarked for rural roads. Moreover, the budgetary 
allocations for the road sector, even in the States, are very much short of the requirements in view of the 
continuing financial stringency. 

12.3. Various Government Programmes 

Rural roads are constructed both as normal road development activities of the Public Works Department 
(PWD) and through a variety of special rural development programmes. Theses special programmes include 
central assistance schemes, like, National Rural Employment Programme (NREP), Rural Landless Employment 
Guarantee Programme (RLEGP), Integral Rural Development Programme (IRDP), Command Area Development 
Programme (CADP), Jawahar Rozgar Yojana (JRY), Famine Relief Programmes, Tribal Area Development 
Programmes, and also states' special employment programmes. There are several other schemes floated by 
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States and Centre from time to time to improve the village connectivity. There are Zilla Panshad fund, DPDC 
funds as well as funds for roads from other Departments like Tourism, Forest, Industrial Development are also 
used for making roads. Currently, some additional funds became available out of the Central schemes such as 
Jawahar Gram Samndhi Yojana ( JGSY ; and Employment Assurance Scheme (EAS). There is usually a matching 
contribution by the State for such schemes. The main objectives of some of these programmes include generation 
of additional employment opportunities m rural areas. The people below the poverty line are the mam target 
groups. Quite often, these funds are used for rural roads also, but since the primary aim has been to generate 
employment rather than creating durable assets, the potential for creation of durable rural roads under these 
schemes has been essentially limited. Further, if they do not receive any maintenance funding, they deteriorate 
fast. 

Recently, the Central Government has taken a bold initiative of crediting an amount of additional excise 
duty of Re. 1.00 per litre on petrol since 2.6.1998 and on diesel since 1.3.1999 to Central Road Fund. Of this 
fund, a portion of the levy comprising 50 paise per litre on diesel is meant exclusively for constructing rural 
roads. The Honourable Prime Minister has announced that all habitations with population above 1000 be 
connected with all-weather roads by 2003 and those with population above 500 by the year 2007. This programme 
is known as Pradhan Mantn Gram Sadak Yojana (PMGSY) and is being managed by the Ministry of Rural 
Development and implemented by the States. 

12.4. Community Base Pgoramme 

There are schemes for construction and maintenance of roads by the district authority where the village 
people build their own roads with the material, machinery and skilled manpower given by road authority and 
with all unskilled manpower, contributed by the village. Andhra Pradesh provides a good example of this, 
which is called Janmabhumi programme. The State and Central Govt, also provide earmarked funds to 
each MLA and MP for development of their constituency. A part of these funds is also often used for building 
roads. 

12.5. Financial Institutions 

In practice, there are very few private sector funding possibilities available for rural roads because of the 
usual 'public goods" argument, which is centred on the question of 'who will pay for it ?' National Bank for 
Agricultural and Rural Development (NABARD) does make funds available for rural road construction as part 
of Rural Infrastructure Development Fund (RIDF). It is a low interest long term loan. Some States have also 
approached external aid agencies, such as, World Bank, Asian Development Bank, etc., to fund the development 
of rural areas including rural roads. Gujarat, Andhra Pradesh, Rajasthan, Onssa, and some other States 
have availed such funding for their rural roads. These multilateral banking institutions have also shown 
interest in providing financial assistance for rural roads as a part of overall agricultural development 
package. 

12.6. Market Committee *'ee 

Some States levy cess on food grains through their market Committees and proceeds utilised, among 
other things, for construction of rural roads and their maintenance. For example, Punjab, Haryana, Rajasthan, 
and Uttar Pradesh have been using this mechanism of taxing agricultural produce marketed through Mandis to 
provide additional facilities in terms of new Mandis as well as rural roads. In sugar cane belt, the rural roads are 
sometimes constructed and maintained by Sugar Factories. Other States are also considering the proposals for 
creation of dedicated funds through collection of cess or levies for providing better rural development and 
marketing infrastructure including rural roads. 
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12.7. Estimation of Costs 

There are tremendous variation of soil conditions, terrain, as well as availability and quality of construction 
materials across the States of the country. Therefore, a standard cost estimate cannot be suggested for the rural 
roads. Appendix-12.1 provides the general ideas about the range of costing of the materials and road construction 
specifications in various parts of the country. This would essentially mean that there will be variation in the 
cost of the construction. Thus, only to give an idea of the basic costs of the various materials and construction 
specifications, a baseline information on costs has been indicated in the Appendix which may provide guidance 
to the States. However, these costs may not be realistic for any one or more States as the actual costs can be 
more or even less than what is indicated here. 

For the rural roads programme, the States could not provide much rigor in their implementation due to 
shortage of funds. Thus, the project preparation and detailed estimates etc. were not considered necessary 
earlier for construction of rural roads in most States. However, it will be advisable to prepare all these project 
related information/documentation in the interest of creating durable assets, i.e., rural roads. Appendix-12.2 
provides an example of preparing estimate for a kilometer of rural road. Further, Appendix- 12.3 provides an 
example of measurement sheet. 
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Appendix-12.1 

Estimation of Cost 

12.1.1. General 

The Appendix aims to provide a broad idea of the tentative costs for various types of roads, which are 
likely to be built as rural roads. In addition to the initial costs of construction, some idea of the maintenance 
costs is also given in accordance with the norms recently revised by the Ministry of Road Transport and 
Highways, Govt, of India. The costs considered in this Chapter for various materials and work items do not 
generally cover the transportation costs (cost of the lead distance). Also, the basic costs of the materials are 
considered without any special taxes, etc. which may be applicable in certain States. The costs do not include 
tender premium or contractor's profit as well as organisational and management charges for works. These cost 
are not for adoption in any works, but simply to provide relative idea of costs for various materials and components 
of the road. The current schedule of rates applicable in the States shall be adopted by the executing agencies 
and this Appendix will guide the engineers to see the rationale of the rates adopted by them. The cost ranges 
given in this Appendix is based on current schedule of rates prevailing in some of the States. 

12.1.2. Basic costing 

Three broad types of subgrade soils may be found which will influence the design, and therefore, the cost 
of the pavement. 

Poor soils, with CBR of 2-3 or less 
Medium soils, with CBR of 5-7 
Good soils, with CBR higher than 7 

Soil conditions have a great influence on design thickness, particularly of a flexible pavement. However, 
they do not significantly influence the thickness of a concrete or semi-rigid pavement. Poor soil, of course, may 
be upgraded or improved to reduce design thickness and cost of pavement. The costs given here are only for 
guidance and may differ from site to site. There may be variations in the different parts of the same State _ 
depending on geological and geographical conditions. 

Rural roads are generally low trafficked road; typical single lane rural road will have traffic intensity 20- 
150 commercial vehicles per day as observed traffic with growth rate 6 per cent per annum. The design life is 
taken as 10 years in the Manual. The pavement thickness details will then be arrived at by following the 
procedure as detailed in Chapter 5 on Pavement Design. Out of the granular thickness designed various 
alternatives can be generated based on equivalencies and may be adopted (as given in Chapter 5). Thus, 
choices can be exercised to save cost of the construction. 

12.13. Cost of aggregates : The costs of aggregates in different zones including hilly regions are 
given below for guidance. These are as per the MoRT&H Report of Committee on Norms for Maintenance of 
Roads in India, October 2000 and given in Table 12.1.1. 



Table 12.1.1. Range of Cost for Aggregate, Rs. per cum 



Zones 


I 


II 


III 


IV 


V 


VI 


VI A* 


Range of cost 


280-350 


350-400 


400-500 


500-580 


580-660 


660-740 


740-780 



*High price for selected hilly areas where available aggregates are of extremely poor quality. 
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12.1.4. Cost of bitumen : Generally, bulk bitumen is used on large project sites. Cost per tonne varies 
from Rs. 1 1500 to 18000. Table 12.1.2 gives the cost variation for the six regions. 



Table 12.1.2. Rates of Bitumen (Bulk) Rs. per Tonne 



Type 


I 


II 


III 


IV 


V 


VI 


80/100 


11500 


12500 


13000 


13500 


14500 


16500 


60/70 


12100 


13200 


13800 


14300 


15300 


17000 


30/40 


13000 


14000 


14600 


15100 


16100 


18000 



12.1.5. Cost of cement : The prices of cement in the year 2000 are in the range of Rs.3250 to Rs.3650 
per tonne. Table 12.1.3 gives the prices of cement for different zones. 



Tables 12.1.3. Cost of Cement (Bulk) Rs. per Tonne 



Types 


I 


II 


III 


IV 


V 


VI 


Cost Rs/tonne 


3250 


3350 


3450 


3550 


3600 


3650 



12.1.6. Cost of lime :The lime is used for stabilisation of soil. The price of lime is approximately 
Rs. 1000 to Rs. 1500 per tonne. 

12.1.7. Equipment and processing costs : The rates (200 1 ) of items of equipment have been considered 
in the analysis of rates. 

12.1.8. Cost of work items : As an example, for the calculation of the rates for work items, the cost of 
stone and other items as applicable to zone II is considered. The cost of some of the items required for estimating 
cost of various components of alternate pavement specifications are computed as range as given in Table 
12.1.4. These ranges are computed based on the schedule of rates prevailing in various states. 



Table 12.1.4. Typical Cost of Various Work Items for Pavements 



Sr. No. 


Items of Work 


Units 


Cost Range (Rs) 


1. 


Prime coat 


Per sqm 


10-20 


2. 


Tack coat 


Per sqm 


8-12 


3. 


Open graded premix carpet, 20 mm thick 


Per sqm 


65-70 


4. 


Seal coat (Type A), 6 mm thick 


Per sqm 


20-60 


5. 


Seal coat (Type B), 6 mm thick 


Per sqm 


20-60 


6. 


Close graded premix carpet, 20 mm thick 


Per sqm 


70-75 


7. 


Single coat surface dressing, 12 mm thick 


Per sqm 


40-45 


8. 


Two coat surface dressing, 12+8 mm thick 


Per sqm 


70-75 


9. 


Dry lean concrete, 1 00 mm thick 


Per cum 


1200-1400 


10. 


Roller compacted concrete, 220 mm thick 


Per cum 


1 800-2000 


11. 


Modified penetration macadam 75 mm thick 


Per sqm 


105-120 


12. 


Bituminous Macadam, 50 mm thick 


Per sqm 


105-125 


13. 


WBM (Grade I) sub base of 1 00 mm thickness 


Per cum 


300-500 


14. 


WBM (Grade II) base of 75 mm thickness 


Per cum 


280-500 


15. 


WBM (Grade III) base of 75 mm thickness 


Per cum 


340-600 


16. 


Sand, Granular sub-base 150 mm thick 


Per cum 


300-700 


17. 


Earthwork 








(i) Embankment/capping layer 


Per cum 


45-50 




(ii) Subgrade 


Per cum 


50-55 




(iii) Shoulder 


Per cum 


50-55 



12.1.9. Total cost of road : The total cost of the road shall be combination of various layers of pavement 
as given in the Table 1 2. 1 .5. In the Table, the cost analysis does not include the cost of shoulders and drainage 
system. The shoulders are generally constructed with same material as that of subgrade. The top 100 mm thick 
layer comprises of moorum or sand. The cost of shoulder is considered as Rs.0.5 to Rs.0.7 lakh per km. Similarly 
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the cost of surface drainage system in normal case is estimated as Rs.0.1 to Rs.0.15 lakh per km. Hence, with 
cost of shoulders and drainage system, the total cost of the road may work out to as m the Table 12.1.6. These 
are for guidance only. The exact cost needs to be worked out on the basis of schedule of rates for the area. 



Table 12.1.5. Typical Cost Analysis of Pavement Specifications (3.75 m wide carriagew ay) 





Tv ne 


Quantity for 


Thickness 


Cost in Rs Lakh 


layer 




1 kni. 


(mm) 


per km 


Farth work 

1 i ill III VV VI IV 


Embankment 


7406 cum 


600-1000 


3.33 




Si ihprarlp 

O LI C t_ 1 CiVJ V, 


3000 cum 


300 


1 .50 




Pannint? Iavpi* 

V. CI k_/ 1 1 m luyLl 


920 cum 


1 00 


0.41 




S h n 1 1 1 H p r 


(SO 7 n im 


1 50 


0.30 


Qi l'h-Ha'sp 


r^rt'ir^p "sanrl fOrainnyp iavprM 


rpf) cum 

S \J Mill 


1 00 


1 .01 




Granular Sub-base 


1305 cum 


150 


1.44 


Base 


WBM 


304 cum 


75 


0.85 




WBM 


28! cum 


75 


0.79 




WBM 


281 cum 


75 


0.95 




Semi-rigid layer 


375 cum 


100 


4.50 




Semi-rigid layer 


563 cum 


150 


6.75 




Modified penetration macadam 


3750 sqm 


75 


3.94 


Wearing 


Premix carpet with seal coat 


3750 sqm 


20 


3.86 


Course 


(including priming and tack coat) 










Surface dressing single coat 


3750 sqm 


12 


1.50 




Surface dressing two coats 


3750 sqm 


20 


2.63 




RCCP(M-35) 


375 cum 


1 00 


6.75 






563 cum 


150 


1 0. 1 3 






825 cum 


220 


14.85 



12.1.10. Maintenance cost : Maintenance cost of rural roads may vary significantly depending 
upon the type of treatment, rainfall, terrain, intensity and composition of traffic. The maintenance cost of rural 
roads for different types of roads is given in Table 12.1 .7. These figures are based on the Report of Committee 
for Norms of Maintenance by MoRT&H. The maintenance cost (Ordinary Repairs) ranges from Rs.22,000 to 
Rs. 80,000 per year per km. 



Table 12.1.6. Typical Total Cost of Rural Road (Including Shoulder and Surface Drainage) 



SI. 
No. 


Type 


Constituent Layer 


Cost* 
Rs. lakh per km 


1. 


Gravel Road 


Embankment, subgradc, subbase (GSB), extra GSB as surface layer 


S.39 


2. 


WBM road 


Embankment, subgrade, subbase (GSB), WBM 11, WBM III 


9.79 


3. 


Surfaced road 
(Bituminous) 


Embankment, subgrade, subbase (GSB), WBM 11, WBM III, 
PMC, sea! ^oat 


13.65 


4. 


Surfaced road 
(Bituminous) 


Embankment, subgrade, subbase (GSB), WBM II, WBM 111, 
Two coat surface dressing 


12.42 


5. 


Surfaced road 
(Semi-Rigid) 


Embankment, subgrade, drainage layer, DLC, PMC, Seal coat 


16.35 


6. 


Surfaced road 
(Semi-Rigid: Fly 
ash Specifications) 


Embankment, subgrade, drainage layer. DLC with fly ash, 
PMC, Seal coat 


15.63 


7. 


Surfaced Road (RCCP) 


Embankment, subgrade, drainage layer, DLC with fly ash, RCC layer (22 cm) 


21.90 



* The costs are exclusive of CD works for the road and shoulder 

GBS = Granular Sub-base, CD = Cross-Drainage, WBM = Water Bound Macadam, DLC = Dry Lean Concrete 
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Table 12.1.7. Maintenance Cost of Rural Roads, Rs Lakh per km 



Sr. No. 


Type 


Ordinary repairs 
(Annual) 


Periodical renewal 
(2 to 4 yearly) 


Maintenance & renewal 
(5 yearly) 


1. 


Gravel road 


0.22 to 0.36 


0.45 to 1.00 


0.75 to 1.20 


2. 


WBM road 


0.15-0.3 


0.34-0.92 


0.66-1.65 


3. 


Road Surfaced road 
with 










(a) S.D. 


0.23-0.32 


0.55-0.70 


0.92-1.28 




(b) PMC + S.C. 


0.18-0.28 


0.41-0.57 


0.81-1.17 




(c) Semi-rigid 


0.16-0.20 


0.30-0.46 


0.66-0.99 




(d) RCCP 


0.06-0.08 




0.10-0.20 



SD = Surface Dressing, PMC = Premix Carpet, SC = Seal Coat, RCCP = Roller Compacted Concrete Pavement 



12.1.11. Life cycle cost : The life cycle cost includes the cost of construction and maintenance of the 
road for a specified period. Thus the construction cost from Table 12.1.6 and cumulative maintenance cost 
taken from the Table 12. 1 .7 for the chosen period of life, together gives the life cycle cost. Therefore, it will be 
sometimes useful to examine the life cycle cost of an alternative rather than the initial cost of construction 
alone. 

12.1.12. Holistic approach : There are various schemes of State Governments and Central Government 
that are pouring in resources for the development of rural areas, particularly for rural roads. However, these 
various schemes are being implemented by different agencies with fragmented approach of planning. It is 
necessary to adopt an integrated approach to funding of rural roads which would take into account not only the 
financing but also issues of planning and governance so as to implement a common development plan. 

At present, rural roads is a district level scheme. Each district is expected to carve out sufficient allocation 
to the rural roads programme from the district annual plan. The size of district annual plan is dependent on the 
area, population and other factors in the district. However, considering the total size of the district annual plan, 
rural roads get a meagre share from the annual plan. This results into shortage of funds for rural roads in most 
of the districts. Besides, there are a multiplicity of schemes as mentioned in this Chapter that have various 
objectives, and the various agencies involved in construction of the rural roads as part of those schemes do not 
implement the same overall plan. 

The District Development Councils review the priorities and decide the schemes to be undertaken within 
the available resources, and roads generally get the last priority. It is recommended that a master plan of rural 
roads for a district be prepared with development needs for at least 5-10 years. The key guiding principle will 
be to have some kind of "Umbrella Agency" so that monetary thrust is directed into a comprehensive master 
plan approach in pre-planned manner instead of the funds being spent in multiple fragmented efforts. The 
administrative and financing responsibility of rural road is currently at the district level. The District Councils 
need to ensure that all such funds earmarked for rural roads by different agencies under different schemes are 
made available in a common pool for the implementation of the same master plan. 
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Appendix-12.2 

Abstract of Typical Estimate for Road Work for 1 km Length 



Item No. 


Description 


Quantity 


Unit 


Rate 
(R Si ) 


Amount 
(Rs.) 


1 


2 


3 


4 


5 


6 


1. 


Providing Earthwork in embankment and below the 
shoulder with approved material obtained from Govt, 
land with 50 m lead laying in layers, breaking clods, 
dressing to required lines curves grade, and section 
watering and compaction at 97 per cent Proctor 
density complete to specification requirements as per 
MoRT&H Specifications Clause 305 and its sub clauses 
where required. 


7406.25 


Cum 


45 


3,33,281 


2 


Providing Earthwork in subgrade with approved material 
obtained from Govt, land with 50 m lead laying in layers, 
breaking clods, dressing to required lines curves grade, and 
section watering and compaction with vibratory roller at 100 
per cent Proctor density complete to specification require- 
ments as per MoRT&H Specifications Clause 305 and its sub 
clauses where required. 


3000 


Cum 


50 


1,50,000 


3. 


Providing Earthwork in shoulder with approved material 
obtained from Govt, land with 50 m lead laying in layers, 
breaking clods, dressing to required lines curves grade, and 
section watering and compaction with vibratory roller at 100 
per cent Proctor density complete to specification require- 
ments as per MoRT&H Specifications Clause 305 and its sub 
clauses where required. 


607.5 

I 


Cum 


50 


30,375 


4. 


Providing laying, spreading and compacting specified graded 
sand as drainage layer with vibratory roller including cost 
of labour, material and machinery etc. complete as per 
specifications. 


920 


Cum 


110 


1,01,200 


5. 


Providing and laying granular sub-base in 15 cm compacted 
layers giving soaked C.B.R. of not less than 20 per cent, 
consisting of sand, murum. Metal, laterite, kankar or 
combination thereof with manual mixing including lifts, 
spreading, sectioning, watering with sprayer and compacting 
in layers with vibratory roller as per Clause No. 401 of 
MoRT&H Specifications 


1305 


Cum 


110 


1,43,550 


6. 


Providinu lavinp soreadinp and comnactinp stone appreciates 
of specific sizes to water bound specification including 
spreading in uniform thickness, hand packing, rolling with 
vibratory roller of 8-10 tonnes in stages to proper grade and 
camber, applying and brooming requisite type of screening/ 
binding materials to fill-up the interstices of coarse aggregate, 
watering and rolling making necessary earthern bund to protect 
edges, lighting, guarding barricating and maintenance of 
diversion etc. and including 5 km lead for metal as per Clause 
No. 404 of MoRT&H Specifications 










6(i) 


Grading of No. II Material (63-45 mm size) with screening 
material Type B and binding material, 75 mm thick 


303.75 


Cum 


280 


85,050 
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Item No. 


Description 


Quantity 


Unit 


Rate 
(Rs.) 


Amount 
(Rs.) 


1 


2 


3 


4 


5 


6 


6(ii) 


Grading of No. II Material (63-45 mm size) with screening 
material Type B and binding material, 75 mm thick 


281.25 


Cum 


280 


78,820 


6(iii) 


Grading of No. Ill Material (53-22.4 mm size) with screening 
material Type B and binding material, 75 mm thick 


la 1 .Id 


Cum 






7. 


Clearing the existing WBM road surface including removing of 
binding materials and other foreign matter with wire brushes and 
small picks, sweeping with brooms or soft brushes and finally 
dusting with compressed air to receive bituminous treatment 
following the specification under section 502.4.2 and 503.3.1 
of MoRT&H Specifications for Road and Bridge Works 


3750 


Sqm 


1.6 


6,000 


8. 


Providing and applying primer coat over prepared surface of 
granular base with bitumen emulsion @ 7 kg/10 m 2 with spray 
jet complete as per Clause No. 502 of MoRT&H Specifications 


3750 


Sqm 


10 


37,500 


9. 


Providing and applying tack coat over prepared surface with 
bitumen emulsion @ 2.5 kg/10 m 2 with spray jet complete as per 
Clause No. 503 of MoRT&H Specifications 


3750 


Sqm 


8 


30,000 


10. 


Providing 20 mm thick open graded premix bituminous carpet, 
including supplying all material, as directed, preparing & 
cleaning base, heating bitumen of 60/70 grade, laying carpet and 
compacting with vibrating roller without seal coat on B.T. surface 
and hot mix laid with paver finsher complete as per Clause 
No. 509 of MoRT&H Specifications 


3750 


Sqm 


65 


2,43,750 


11. 


Providing bituminous liquid seal coat (Type A) to black top 
surface, including supplying all materials including all leads, 
preparing existing road surface, heating & applying bitumen, 
spreading chips & rolling complete as per Clause No. 5 1 3 of 
MoRT&H Specifications 


3750 


Sqm 


20 


75,000 




Total 


14,10,151 



Note: 



1 . Leads for material are not considered in the above estimate. 

2. The cost of transportation of material should be added as per the actual lead of the material. 

3. Rates considered are typical and may vary from state to state and place to place within the state. 

4. The provisions considered in the above estimate are typical and provisions for drainage and CD works etc. will have to add 
separately. 



Assumptions: 



Soil sub-grade CBR 


3 per cent 


Traffic 


45-150 cvpd 


Carriageway width 


3.75 m 


Rainfall 


1000-1500 mm/year 


Designed thickness 


475 mm (total) 


Drainage layer 


1 00 mm 


GSB 


150 mm 


WBM-II 


150 mm 


WBM-JII 


75 mm 


PMC + Seal coat 


20 mm 
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Appendix-12.3 

Measurement Sheet 



Item No. 


Description 


Unit 


Length 
(m) 


Width 
(m) 


Depth 

(m) 


Quantity 


1 


2 


3 


4 


5 


6 


7 


1. 


Providing Earthwork in embankment and below the shoulder 
with approved material obtained from Govt, land with 50 m 
lead laying in layers, breaking clods, dressing to required lines 
curves grade, and section watering and compaction at 97 per cent 
Proctor density complete to specification requirements as per 
MoRT&H Specifications Clause 305 and its sub clauses where 
required. 


Cum 


1000 


11.8 (for 
embank)+ 

/I If 

4. 5 j 

(below 
shoulder) 


0.6 (for 
embank )+ 
U.U / j 
(below 
shoulder) 


7406.25 


2. 


Providing Earthwork in subgrade with approved material 
obtained from Govt, land with 50 m lead laying in layers, 
breaking clods, dressing to required lines curves grade, and 
section watering and compaction with vibratory roller at 
100 per cent Proctor density complete to specification 
requirements as per MoRT&H Specifications Clause 305 and 
its sub-clauses where required. 


Cum 


1000 


10 


0.3 


3000 


3. 


Providing Earthwork in shoulder with approved material 
obtained from Govt. land with 50 m lead laying in layers, 
breaking clods, dressing to required lines curves grade, and 
section watering and compaction with vibratory roller at 
100 per cent Proctor density complete to specification 
requirements as per MoRT&H Specifications Clause 305 and 
its sub-clauses where required. 


Cum 


] 000 


4.05 


0.15 


607.5 


4. 


Providing laying, spreading and compacting specified graded 
sand as drainage layer with vibratory roller including cost of 
labour, material and machinery etc., complete as per 
Specifications. 


Cum 


1000 


9.2 


0.1 


920 


5. 


Providing and laying granular sub-base in 15 cm compacted 
layers giving soaked C.B.R. of not less than 20 per cent, 
consisting of sand, murum. Metal, laterite, kankar or 
combination thereof with manual mixing including lifts, 
spreading, sectioning, watering with sprayer and 
compacting in layers with vibratory roller as per Clause 
401 of MoRT&H Specifications. 


Cum 


1000 


8.7 


0.15 


1305 


6. 


Providing, laying, spreading and compacting stone aggregates 
of specific sizes to water bound specification including 
spreading in uniform thickness, hand packing, rolling with 
vibratory roller of 8-10 tonnes in stages to proper grade and 
camber, applying and brooming requisite type of screening/ 
binding materials to fill-up the interstices of coarse aggregate, 
watering and rolling, making necessary earthen bund to 
protect edges, lighting, guarding barricading and maintenance 
of diversion etc. and including 5 km lead for metal as per 
Clause 404 of MoRT&H Specifications. 












6. (i) 


Grading of No. II Material ( 63-45 mm size) with screening 
material Type B and binding material, 75 mm thick 


Cum 


1000 


4.05 


0.075 


303.75 
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6.(ii) 


Grading of No. II Material (63-45 mm size) 
with screening material Type B and binding 
material, 75 mm thick 


Cum 


1000 


3.75 


0.075 


281.25 


6. (111) 


Grading of No. Ill Material (53-22.4 mm size) 
with screening material Type B J.nd binding 
material, 75 mm thick 


Cum 


1000 


3.75 


0.075 


281.25 


7. 


Clearing the existing WBM road surface including removing 
of binding materials and other foreign matter with wire brushes 
and small picks, sweeping with brooms or soft brushes and 
finally dusting with compressed air to receive bituminous 
treatment following the specification under Sections 502.4.2 
and 503.3.1 of MoRT&H Specifications for Road and Bridge 
Works 


Sqm 


1 000 


3.75 




3750 


8. 


Providing and applying primer coat over prepared surface 
of granular base with bitumen emulsion @ 7 kg/1 0 m 2 
with-spray jet complete as per Clause 502 of MoRT&H 
Specifications 


Sqm 


1000 


3.75 




3750 


9. 


Providing and applying tack coat over prepared surface with 
bitumen emulsion @ 2.5 kg/10 nr with sprav jet complete as 
per Clause 503 of MoRT&H Specifications 


Sqm 


1000 


3.75 




3750 


10. 


Providing 20 mm thick open graded premix bituminous carpet, 
including supplying all material, as directed, preparing & 
cleaning base, heating bitumen of 60/70 grade, laying carpet and 
compacting with vibrating roller v. ithout seal coat on B.T. 
surface and hot mix laid with paver finsher complete as per 
Clause 509 of MoRT&H Specifications 


Sqm 


1000 


3.75 




3750 


11. 


Providing bituminous liquid seal coat (Type A) to black top 
surface, including supplying all materials including all leads, 
preparing existing road surface, heating and applying bitumen, 
spreading chips and rolling complete as per Clause 5 1 3 of 
MoRT&H Specifications. 


Sqm 


1000 


3.75 




3750 
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